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GIL.OSSARY

HURRICANE SURGE: the mass of water causing an increase
in the elevation of the water surface above predicted
astronomical tide at the time of a hurricane; it includes
wind set-up; sometimes the maximum increase in ele-
vation is referred to as the surge,

HURRICANE TIDE: the rise and fall of the water surface during
a hurricane, exclusive of wave action,

KNOT: a velocity equal to one nautical mile (6080, 2 ft,) per
hour (about 1. 15 statute miles per hour).

OVERTOPPING: that portion of the wave runup which goes over
the top of a protective structure.

PONDING: the storage of water behind a dike or wall from local
runoff and/or overtopping by waves,

POOL BUILDUP: the increase in elevation of water surface be-
hind a structure due to runoff and/or overtopping by waves.

RUNUP: the rush of water up the face of a structure on the
breaking of a wave, The height of runup is measured from
the still water level. '

SIGNIFICANT WAVE: a statistical term dencting waves with the
average height and period of the one-third highest waves of
a given wave train.

SPRING TIDE: a tide that occurs at or near the time of new and
full moon and which rises highest and falls lowest from the
mean level,

STILL WATER LEVEL: the elevation of the water surface if all
wave action were to cease.

STORM SURGE: same as ""hurricane surge,"

xvi



GLOSSARY (Cont'd)

WAVE HEIGHT: the vertical distance between the crest and
the preceding trough. -

WAVE TRAIN: a series of waves from the same direction,
WIND SET-UP: the vertical rise in the stillwater level on

the leeward side of a body of water caused by wind stresses
on the surface of the water.

xvii
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SYLLABUS

N

The Division Engineer finds that a serious problem of hurri-
cane tidal ﬂooding exists in the highly industrialized and heavily
populated area adjacent to New Bedford - Fairhaven Harbor,
Massachusetts. The acuteness of the problem is indicated by the
fact that three severe hurricanes have struck the area in the past
20 years and, upon their recurrence, would cause total flood dam-
ages of about $62, 000, 000, at 1956 prices. Average annual dam-
ages from tidal flooding amount to nearly $960, 000,

The Division Engineer recommends, for the protection of the
City of New Bedford and the Towns of Fairhaven and Acushnet,
Massachusetts, the consfruction of a rock-face.d, earth-filied bar-
rier across New Bedfoz_'d - Fairhaven Harbor, a dike extension
along the New Bedford shore, supplemental dikes and walls in the
Clark Cove area of New Bedford and in Fairhaven, and other ap-
purtenant structures, The estimated first cost is $17, 200, 000 in-
cluding $15, 490, 000 to the United States and $1,710, 000 to local

interests.



CORPS OF ENGINEERS, U.S. ARMY
OFFICE OF THE DIVISION ENGINEER
NFW ENGLAND DIVISION
150 CAUSEWAY STREET
BOSTON 1, MASS.

8 February 1957

SUBJECT: Interim Report on Hurricane Survey, New Bedford,
Fairhaven and Acushnet, Massachusetts

TO: Chief of Engineers
Department of the Army
Washington 25, D, G,
ATTENTION: ENGWF

AUTHORTTY

1. This report is submitted in compliancé'with the following
authorizations:

‘ - .a, Public Law 71, Bighty-fourth Congress, First Session,
approved 15 June 1955, which reads as follows:

"Be it enacted by the Senate and House of
Representatives of the United States of America
in Congress assembled, That in view of the severe
damage to the coastal and tidal areas of the
eastern and southern United States from the
occurrence of hurricanes, particularly the hurri=-
canes of August 31, 195L, and September 11, 195k,
in the New England, New York, and New Jersey
coastal and tidal areas, and the hurricane of
October 15, 195L, in the coastal and tidal areas
extending south to South Carolina, and in view
of the damages caused by other hurricanes in the
past, the Secretary of the Army, in cooperation
with the Secretary of Commerce and other Federal
agencies concerned with hurricanes, is hereby




b
United States

The
directed that

auvthorized and directed to cause an examination
and survey to be made of the eastern and southern
seaboard of the United States with respect to
hurricanes, with particular reference to areas
where severe damages have occurred.

"Sec, 2. Such survey, to be made under
the direction of the Chief of Engineers, shall
include the securing of data on the behavieor
and frequency of hurricanes, and the determi-
nation of methods of forecasting their paths
and improving warning services, and of possi-
ble means of preventing loss of human lives
anc damages to property, with due consideration
of the economics of proposed breakwaters, sea-
walls, dikes, dams, and other structures, warning
services, or other measures which might be re-
quired."

A resolution of the Uommittee on Public Works of the
Senate, adopted 9 November 195k, which reads:

"RESOLVED,.., That the Board of Engineers
for Rivers and Harbors, created under Section
3 of the River and Harbor Act, approved June
13, 1952, be, and is hereby, requested to re-
view the reports. of the Chief of Engineers on
New Dedford Harbor, Massachusetts, printed in
House Document 348, Seventy-first Congress,
Second Session, and other reports, with a view
to determining whebther the existing project
should be modified in any way at the present
time in view of the recent hurricane damage
in the area."

Chief of Engirieers, by letter dated 21 February 1956,
studies in connection with the above authorizations be

combined since both are concerned with hurricane dameges in the New

Bedford area,

SCOPE OF SURVEY

2., HURRICAWE SURVEY

This interim report of survey scope comprises the result of an
examination and survey of hurricane tidal flooding in. the towns of
New Bedford, Fairhaven, and Acushnet, exclusive of the Sconticut

2



severe storm, struck at a time of low tide and flooding was conse=
quently less severe, Further data on the history of hurricanes are
contained in Appendix C,

29, HURRICANE FREQUENCY
The dGistribution of recorded hurricane occurrences in the New
Dedford area, by estimated degrees of intensity, is shown in Table
2 belows:
TABIE 2

RECORDED HUBRICANE OCCUREENCES

New Pedford-Falrhaven Harbor Area, Massachusetts

Categorx Years
1635-1700 1701-1800 1801-1900 1901-1955 Total

L: Causing bidal

flooding 2 2 5 3 12
B: Damage from

wind or

rainfall No record 1 5 7 13

C: Threat to
areas no . . , ‘
Camage lo record 3 é 26 35

Total 2 6 16 36 60

The fact that there are records of 36 hurricane occurrences in the
first 55 years of the 20th century (1901-1955), as compared with

2li occurrences in the 266-year veriod between 1635 and 1900, nay

he atiributable to the lack of records on early storms and should
not be accepted as conclusive indication of any trend toward greater
frequency‘of occurrences in recent times,

As indicated by recorded facts, the New Bedford-~Fairhaven
"~ area has experienced hurricane tidal flooding upon at least eight

13



Fairhaven areas, Part II, Chapter XXXIX, of the unpublished report
of the New England-New York Inter-igency Committee on "The Resources
of the New England-New York Region", prepared pursuant tc a Presi-
dential directive of October 9, 1950, contains a section devoted to
nurricanes in the northeastern United States, This section presents
a brief history of hurricanes in New England, an inventory of experi-

- enced losses in recent hurricanes, and a discussion of several methods

of reducing damages, Specific measures to prevent severe damage at
several localities along the New England coast, including New Bedford,
are briefly discussed,

6, NAVIGATION REPORTS

The New Bedford-Fairhaven Harbor has been the subject of many
navigation reports since 1853, A favorable report of survey scope,
House Document No, 348, submitted in 1930, formed the basis for
authorization of the present 30~foot entrance chamnel, Two subse~
quent favorable reports, recommending maneuvering areas, anchorages,
and branch channels, were submitted in 193L and 1937 respectively,
and are published in River and Harbor Committee Documents Nos, 16,
Seventy-fourth Congress, and 25, Seventy-fifth Congress.

DESCRIPTION

7. LOCATION AND EXTENT OF AREA

The city of New Bedford and the town of Fairhaven, Massachusetts,
are located in Bristol County, about 50 miles south of Boston, Massa-
chusetts, and about 30 miles southeast of Providence, Rhode Island,
They are situated on the west shore of Buzzards Bay which opens to
the Atlantic Ocean. The town of Acushnet adjoins Fairhaven on the
north,

The combined area of New Bedford, Fairhaven and Acushnet covers
approximately 51 square miles of which about 20 square miles are in
New Bedford, 12 in Fairhaven, and 19 in Acushnet, The three com=-
munities have a total water frontage of about 37 miles, about 18
miles of which are in the area of this report., The remaining 19
miles constitute the shore line in the Sconticut Neck and West
Island area of Fairhaven, Of the 18 miles in the area of this
report, about ten are in New Bedford, six in Fairhaven and two
in Acushnet,



€. HARBOR AREA

The New Bedford-Fairhaven Harbor, which separates New Bedford
on the west from Fairhaven on the east, is the estuary of the Acushnet
River. The harbor area comprises a broad outer bay, about three miles
long and two miles wide, between Clark P01nt on the west and Sconticut.
Neck on the east; an inmer harbor, about 1% miles long and 3/h mile
wide, extending north to the crossing of U, S. Route No, 6 at Fish
and Popes Islands; and the lower 1% miles of the Acushnet River, below
the head of navigatlon at the Coggeshall Street Bridge, The approach
to the harbor frqm deep water in Euzzards Bay is through an improved
entrance chamnel with a project devth of 30 feet at mean low water.
The outer harbor is exposed to easterly and southerly storms. The
inner harbor and the Acushnet River are well protected except against
severe southerly blows, Both the imner and ocuter harbor areas are -
particularly vulnerable to the high waves and tidal surges created
by hurricanes approachlng from the south.

9. ACUSHNET RIVER

The Acushnet River has its source in New Bedford Reservoir in

- the north area of Acushnet, Massachusetts. From its origin the
-river flows generally south about four miles to tidewater at Saw

Hill Dam, and then continues south for about three miles to the
New Bedford-Fairhaven Bridge at the head of the harbor, The river
drains an area of 18,L square miles above the head of tidewater,
The watershed is relatively low and flat and containg large areas
of swampland which tend to retard the runocff,

10, TIDES

The mean range of tide in the New Bedford-Fairhaven Harbor is
3.7 feets Spring tides have an average range of L.,6 feet and a
maximum range of about 5,8 feet. A maximum spring tide will reach
an elevation 5.0 feet above mean low water (3.2 feet above mean
high water}, The time interval for a complete tidal cycle averages
about 12 hours and 25 minutes, This results in the daily occurrence
of two low and two high waters on an average of six out of every
seven days, Hurricane tides are discussed in paragraphs 37 and L0
of this report.

11, GECLOGY AND TOPOGRAPHY

The“geologj of the area is that of a single rock formation,
the Dedham Granodiorite of tentative Devonian Age, This formation,

5.
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which is helieved to have been intruded into older metamorphic
and volcanic rocks, consists of a wide variety of comingled
igneous rock types. Bedrock in the area is concealed largely
under glacial overburden which has tended to neutralize the

-relief, Land areas adjacent to the harbor possess poor drainage

as a result of the damming of pre-glacial drainage channels by
glacial debris., See Apvendix A for further data on the geology
of the area.

‘The topography of New Bedford, Fairhaven and Acushnet is
one of moderately low relief with elevations ranging from sea
level along the coast to a maximum of 183 feet above sea level
in west central New Bedford., The south part of New Bedford
and a major portion of Fairhaven lie below an elevation of
50 feet mgl, = The shore line is one of youthful submergence
characterized by bayhead beaches, tombolos, and low rocky head-
lands.

12. AREGA MAPS

New Bedford, Fairhaven and Acushnet, and the watershed of
the Acushnet River, are shown on standard quadrangle sheets of
the U, 5, Geological Survey at a scale of 1:31,680, and on
quadrangles of the U. S. Army Map Service at a scale of 1:25,000.
The harbor area and its approaches are shown on U, S, Coast and
Geodetic Survey Charts Nos. 2L9, 252, and 1210. A map of the
area is included as Plate 1 of this report.



ECONCMIC DEVELOPMENT
13. POPULATION

In 1950, New Bedford was the 6th largest city in the Common-
wealth of Massachusetts and the 96th in size in the United States.
The adjoining towms of Acushnet and Fairhaven, which are consider-
ably smaller in population, are principally residential in character.
The total population of New Bedford, Fairhaven, and Acushnet,
according to the state census of 1955, is approximately 124,000.
About 85 percent of this total population is located in New Bedford.
Population statistics for the three locadlities in the survey area
are given in Table I below.

TABLE T

POPULATION STATISTICS

New Bedford, Fairhaven, and‘Acushnet, Massachusetts

Year New Bedford Fairhaven Acushnet Total
1920 121,217 . 7,291 3,075 131,583
1940 110,32 10,938 L,1hs 125,22,
1950 109,189 12,76l L ,Lo1 126,35)
1955 105,488 13,376 4,892 123,756
sl JOZ 7O /(/,53‘;7

1L. INDUSTRY

The survey area is highly industrislized., The employed industrial
labor force is about 40,000 of whom 65 percent are .engaged in
manufacturing as compared with a national average of 25 percent.
Ninety-five percent of the total labor force are employed in the
city of New Bedford. Of gpproximately 270 manufacturing plants
in the area, 255 are in New Bedford. The most important manufactures
are textiles and related items, elecirical and electronic equipment,
rubber products, copper and brass rolling mill products, and
machinery. New Bedford's economy rests heavily on textile mgnu-
facturing, with 110 plants employing nearly one«~half of the city's
industrial labor force. Next in importance, measured by the
number of employees, is the manufacture of electrical and electrmic
items at four New Bedford plants. Among the limited industrial
activities of Fairhaven, the operation of boatyards for the repair

- and outfitting of fishing and pleasure boats is important. - The-

total annual value of all products presently manufactured in the
area is estimated at $250,000,000, of which over 50 percent repre-
sents value added by manufacture.



15, FISHERIES

Once the leading whaling port of the United States, New
Bedford and Fairhaven Harbor still ranks as one of the leading
fishing ports in the country. For the past several years it
has alternated between fourth and fifth place as determined by
value of catch, It is also the world's leading scallop port.
In 1955, the landings of fish and shellfish exceeded 40,000
tons with a total value of nearly $12,000,000. Scallops
accounted for about 17 percent of this total weight and 60
percent of the total value. Approximately 1,200 people are
employed in the local fishing industry and allied pursuits
dependent on fishing, such as filleting, cannlng, freezing, and
the operation of shipyards.

16. POWER

The area is served by the New Bedford Gas and Edison Light
Company with a 137,500 kw steam station on the New Bedford water-~
front, about one-half mile south of the New Bedford-Fairhaven
Bridge. The plant is located in the area that was inundated by
tidal flooding in 1938 and 1954. The water of the harbor is
ubtilized for cooling purposes.

17. AGRICULTURE

Agriculture is relatively limited in the swrvey area, but
poultry raising and dairy farming are important activities,
especially in the towns of Acushnet and Fairhaven. Some tree
fruit is grown in Acushnet. Farms in the area range in size up
to about 150 acres. There is no agriculture of any comsequence
in the areas inundated by hurricane tides.

18. NAVIGATION

Commerce in New Bedford and Fairhaven Harbor averagzed just
under 600,000 tons ammally for the period 1942-19L49. From 1949
to 1954, the annual tonnage ranged from a high of 490,000 in 1950
to a low of 215,000 in 1954. This decrease is attributed mainly
to reduced receipts of coal which formerly accounted for 50 to
80 psrcent of the annual commerce. Approximately 50 percent of
the totdl commerce in 1954 was in petroleum products, and 29
percent in coal and coke. Passenger service dropped from a total
of over 222,000 in 1945 to 5,000 in 1952, but has since increased,
amounting to nearly 37,000 in 1954, Most of the passenger traffic
is to the islands of ! art als Vineyzrd and Nantucket, located off
the south coast of llassachusetts.
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. Anmual vessel traffic during the S-year period from 1950 to
195} averaged 10,L00 trips, ranging from a total of about 14,900
trips in 1951 to 7,700 trips in 1954. In 1954 only 9 trips were
made by vessels with drafts of 26 feet or more, 5 of these being
T-2 tankers and L colliers. During this same year, 18 trips were
made by vessels with drafts ranging from 19 to 25 feet. The
remainder of the 1954 traffic, about 7,575 trips, were made by
barges, fishing boats, ferriss, motor vessels, and Federal craft,
all with drafts of 18 feet or less., Unofficial figures for 1955
indicate that there was no significant increase in deep draft
commerce during the year.

The fishing fleset operating out of New Bedford and Fairhaven
Harbor is of major importance to the economy of the area. The
fleet numbers about 200 vessels with drafts ranging from 6 to 1L
feet, each of which presently makes about 20 round trips a year.

19. TRANSPORT ATION

The area is served by a network of modern highways. The two
principal routes are U, S. No, 6 which passes through New Bedford
and Fairhaven in an east-west direction, and Hassachusetts No.

150 which runs north from New Bedford. A branch line of the New
York, New Haven and Hartford Railroad provides passenger and
freight service between New Bedford and Boston. Northeast Airlines
maintains scheduled flights in and out of the New Bedford airport.
Improved waterways provide access to New Bedford and Fairhaven far
comercial vessels and pleasure boats. The New Bedford, Woods
Hols, Martha's Vineyard and Nantucket Steamship Authority operates
regularly scheduled steamer ferry service between New Bedford and
Wantucket, Massachusettis.

20. RECREATION

The waters of New Bedford and Fairhaven Harbor and Buzzards
Bay provide excellent facilities for bathing, boating, and off-
shore fishing which are the principal recreational -activities
of the area. The many fine beaches in the area all meet the
standard set by the Massachusetts Department of Public Hedlth
for safe bathing water. The city of Nélw Bedford maintdins a
public-bathing-beach on the/géit/g-afé of Clark Gove. Among
several places of historical interest which attract vacationers
anmually are Fort Phoenix, a Revolutionary War Fort, and the
whaling Museum, containing many relics of the New Bedford whaling
fleet.
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21. POLLUTION

Although some sewage and industrial wastes are discharged
into the Acushnet River, the harbor, and nearby coves, there are
no areas where the degree of pollution has adversely affected
the bacterial quality of the water for recreational purposes.
However, clam flats in New Bedford and Fairhaven Harbor have
been closed by state health authorities because of pollution,

There are no sewage treatment plants in New Bedford, Fair-
haven, or Acushnet. The sewerage lines in Acushnet and Fair
haven empty directly into the Acushnet River or into the harbor.
In New Bedford, an intercepting sewer, with maximum dimensions of
84 by 92 inches, was built in 1912 to collect the dry-weather
flow and carry it to a submerged outfail extending 3,300 feet
into Buzzards Bay off the southerly end of Clark Point. Seven
pumping stations have been constructed to 1lift the flow from
low-lying areas intoc the main interceptor. The capacity of the
interceptor is sufficient to handle the combined flow of sani-
tary sewage and the runoff from a very light rainfall. During
periods of heavy precipitation, such as may be experienced during
some hurricanes, the excess flow is diverted through over-flow
lines into the river, the harbor, and Clark Cove.

22. FISH AND WILDLIFE

Sports fishing is of little importance in the immediate
harbor area. No wildlife habitats of any conseguence are located
along the waterfront areas of New Bedford, Fairhaven, and Acushnet
that are affected by hurricane tides.

1o
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CLIMATOLOGY

23, CLIMATE

The New Bedford-Fairhaven area has a temperate and changeable
climate marked by four distinet seasons which are characteristic
of its latitude and of New England. Owing to the moderating influw
ence of the nearby ocean, and particularly to the variable move~
ments of high= and low-pressure areas associated with continually
changing weather patterns, extremes of either hot or cold weather
are rarely long lasting., In the winter, coastal storms frequently
bring rainfall in contrast to snow in the more northerly arecas,
In the sumer, cooling relief from hot, humid weather is provided
by sea breezes from the southwest, thunder storms from the west,
and cool air from the north, The prevailing winds are northe
westerly in the winter and southwesterly in the summer., High
winds, heavy rainfall, and abnormally high tides occur with un-
predictable frequency in the hurricane months of August, September, -
and October, ‘ :

24, TEMPERATURE

The average annual temperature of the New Bedford-Fairhaven -
area, based on records for the past 68 years (1888-1955), is about
50°F, Average monthly temperatures vary from 29° in February to
71°F in July., (See Table B~l, Appendix B.) Recorded extremes in
temperature range from a minimum of =12° to a maximm of 97°F,
Freezing temperatures may be expected from the latter part of
November until late in March.

25, PRECIPITATION

The annual precipitation over the New Bedford area during the
past 112 years (1814-1955) has ranged from a minimum of 28 inches
in 1930 to a maximum of 65 inches in 1829, The average annual
rainfall amounts to L5 inches, distributed rather uniformly throughe
out the year, Average monthly rainfall varies between 3,05 inches
for June and }j,18 inches for August. Extremes of monthly precipi-
tation have ranged from 0,0l inch in June 1949 to 18,72 inches in
August 1826, Anmual snowfall, based on L9 |years of record (1889-
1947) averages 35 inches, A tabulation of monthly precipitation
data is contained in Appendix B,



26, RUNOFF AND STREAMFLOW DATA

Although there are no gaging stations in the watershed of the
Lcushnet River, runoff data for its drainage area of 18,) square
miles at Saw Mill Dam, at the head of tidewater, has been estimated
from the flow records of the U, 3, Geological Survey gaging stations -
on the Wading River. Since the gaged areas in the Wading River Basin
are similar in topographic characteristics to the Acushnet River water-
shed, it has been feasible to estimate runcff for the Acushnet River
for design purposes. For further discussionf see paragraphs L2 and L3,

HISTORY OF HURRICANES

27. !ISTORICAL HURRICANES

Descriptions of violent storms affecting southern New England,
including the New Bedford-Fairhaven area, are found in the earliest
records of the Massachusetts Bay Colony, William Bradford, in his
chronicle, "Of Plymouth Plantatlon, 1620-1647," describes a very
great hurricane on 15 August 1635, An account of another great
storm,lon 3 August 1638, is recorded by Governor Winthrop in "The
History of New England from 1630 to 16l9", Early newspaper and
Journal accounts contain a number of references to intense storms
accompanied by destructive winds during the period from 1638 to
1815. The two most notable storms in this period are those of
30 October 1723 and 24 October 1761,

28, RECENT HURRICANES

More numerous records are available of hurricane occurrences
subsequent to the year 1815, with very good records existing for
the past 50 years. Among the more famous storms in this past
Ul-year period, causing tidal flooding of damaging proportions,
are the following:

a, 23 September 1815 e. 10 December 1878
be 29-30 October 1866 f. 21 September 1938
cs 8 September 1869 go 1l September 194l
de 23 October 1878 h. 31 August 195 ("Carol®)

The 1938 and 195l hurricanes both struck at a time nearly coincident
with a high gravitational tide and caused millions of dollars of
damage from tidal flooding, The hurricane of igkl, although a very



severe storm, struck at a time of low tide and flooding was conse=
quently less severe, Further data on the history of hurricanes are
contained in Appendix C,

29, HURRICANE FREQUENCY
The dGistribution of recorded hurricane occurrences in the New
Dedford area, by estimated degrees of intensity, is shown in Table
2 belows:
TABIE 2

RECORDED HUBRICANE OCCUREENCES

New Pedford-Falrhaven Harbor Area, Massachusetts

Categorx Years
1635-1700 1701-1800 1801-1900 1901-1955 Total

L: Causing bidal

flooding 2 2 5 3 12
B: Damage from

wind or

rainfall No record 1 5 7 13

C: Threat to
areas no . . , ‘
Camage lo record 3 é 26 35

Total 2 6 16 36 60

The fact that there are records of 36 hurricane occurrences in the
first 55 years of the 20th century (1901-1955), as compared with

2li occurrences in the 266-year veriod between 1635 and 1900, nay

he atiributable to the lack of records on early storms and should
not be accepted as conclusive indication of any trend toward greater
frequency‘of occurrences in recent times,

As indicated by recorded facts, the New Bedford-~Fairhaven
"~ area has experienced hurricane tidal flooding upon at least eight

13



occasions since 1815. Of these eight experiences, reliable
information on high-water marks is available only for the
hurricanes of.1938, 1%kl and 195k, General descriptions
indicate that the flood stages in the five storms of the
19th century were probably below those of 1938 and 195k,
The three known high-water marks in recent hurricanes and
Five estimated {lood levels in earlier hurricanes have been
used in preparing an elevation-frequency curve. In preparing
this curve, account has been taken of the historical hurri-
canes of 1535 and 1638, their elevations of flooding being
asgunmed higher than experienced in 1938, See Plate D-3,
Aprendix D, ‘

With respect to seasonal variation of hurricane
occurrences in southern New England, the period of greatest
activity extends from early August to the end of October,
However, records indlcate occurrences as early as the
riddle of June and as late as the middle of December,
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HURRICANE CHARACTERISTICS
30. GENERAL DESCRIPTION

The term "hurricane" is aprlied to an intense cyclonic storm
originating in tropical or subtropical latitudes in the Atlantic
Ocean north of the Equator. Accumulation of heat close to the
surface of the water provides energy for water vaporization and
the movement of masses of moist tropical air. A hurricane is
characterized by low barometric pressures, high winds (75 miles
per hour or greater), heavy clouds, torrential rain, tremendous
waves and tidal surges.

31.. ORIGINS ANL TRACKS

Most of the hurricanes that have affected the eastern coast
of North America have formed either near the Cape Verde Islands
or in the western Caribbean Sea. Cape Verde hurricanes move
westerly for a number of days with a forward speed of about
10 mph. Occasionally, they proceed straight to the coast of Texas,
but generally, after reaching the middle Atlantic Ocean, they
recurve northerly and then easterly. Freguently they cross the
West Indies, sometimes striking the eastern coast of the United
States between bey West, Florida, and Cape Cod, Massachusetts.
After recurving, the stoms usually increase their forward speed
to a rate of 25 to 30 mph and occasionally to a speed of 60 mph.
The hurricanes which form in the Caribbean Sea igenerally move
in a northerly direction, cross Cuba, then strike either the
Gulf or the southeastern shores of the United States. The hurri-
canes that most severely affect New England usually approach from
the south-southwest after recurving east of Florida and skirting
the Middle Atlantic states. The paths of a number of selected
hurricanes are shown on Plate C-1, Appendix C.

32. WINDS AND BAROMETRIC PRESSURE

The highest winds of a hurricane are those within a circular
region extending from the edge of the “eye', or calm center, out-.
ward for 10 to 15 miles. The diameter of the eye is usuwally about
15 miles, although the eye of a mature hurricane is frequently 20
to 30 miles in diameter. Wind movement is not directly toward the
low pressure cyclone ¢enter or eye of the hurricane but approaches
the center in a counter-clockwise spiral. Consequently, the
highest wind velocities occur at points to the right of the center
of the burricane where the spiral wind movement and the movement
due to the forward motion of the storm are in the same direction.
Since destruction by the wind is greatest in the area on the right
side of the hurricane, this area is known as the "dangerous semi-
cirecle.®
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Atmospheric pressgsure falls rapidly as the center of the
hurricane approaches and as the velocity of the wind increases.
Minimum barometric readingsdo not always occur in the center of
the eye. In some instances the minimum is reached at the
beginning of the calm period while in others the minimum is
reached at the end of the calm period. Usually the barometric
low is about two inches below the normal sea level pressure

‘of 30 inches. However, in several hurricanes, pressures as

low as three inches below normal have been recorded. In the
United States the lowest barometric pressure ever recorded was
26.35 inches at the northemrn end of Long Key, Florida, on 2
September 1935.

33. RAINFALL

Another characteristic of a hurricane is the heavy rainfall
that usually accompanies the storm. At the edge of the disturbance
rainfall is light, normally in the form of showers. As the center
approaches, the showers increase in frequency and intensity,
becoming heavy to excessive near the eye. The heaviest rain
usually falls ahead of the egye, driving torrentially from spiral
bands of clouds that sometimes produce nearly two inches of rain
per hour. For a 2L-hour period, amounts exceeding 20 inches are
not uncommon. Record rainfall near the survey area occurred
during Hurricane Diane (August 1955) when a rainfall of 15.7
inches in 2l hours (total storm rainfall of 19.8 inches in 148
hours) was experienced at Westfield, Massachusetts, 100 'miles
northwest of New Bedford. '

34. WAVES

Much of the hurricane damage is caused by waves generated by
hurricane winds. Vesgsels at sea suffer greatly in the northeast
quadrant of the hurricane and in the confused seas of the storm
center where waves L5 feet or more in height have been reported.
These mountainous waves appear in wild, pyramidal masses and the
magnitude of their destructive power is revealed only in the
appalling record of lives lost and ships sunk at sea or wrecked
on shoals and shores. Such giant ocean waves will traverse
tremendous distances while diminishing in size and strength,
reaching distant shores one or two days in advance of the hurri-
cane and causing damage even before the onset and releasg of
the fury contained in the storm proper.

In the deep water of the open ocean the height, period, and
velocity of many of the waves produced are a function of the wind
velocity. The ultimate size of the waves depends upon the force
and duration of the wind and the fetch or distance the wave

e
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travels. As ocean waves come into shoal waters, their forward
movement is slowed by friction on the bottom, and they rise to
a new height before tney are dissipated in shoal waters or break
on the shore. Driven by hurricane winds, the breaking waves will
run up on a shelving beach or overtop vertical structures well
gbove the wave heights, so that reports of wave and flood damage
from 5 to 25 feet above water level are not uncommon. Hurricane
waves do great damaze to shorefront land and buildings and to
vessels and small craft. In the hurricane of 1938, independent
observations indicated a maximum wave height in the New Bedford
area of 14 feet at Butler Flats Light, in an exposed location
about 1.6 miles southeast of Palmer Island, and heights of four
feet in the harbor area north of Palmer Island. Local estimates
of wave heights in the harbor during Hurricane "Carol" (August
1954) range from four to seven feet.

35. TIDAL SURGES

Floeding results from the movement of the storm surge, or
rise in water level, onto a shoaling coast or into a bay or inlet.
The surge is caused by a combination of hurricane winds and low
barometric pressure in a storm naving a track and speed of forward
movement synchronized with the normal pattern of tidal movement
and oscillations of the sea in the open ocean.

Usually the rise of the sea is gradual as the center of the
- storm approaches but sometimes it comes with great swiftness.
Rising waters accompanying hurricanes have been called "tidal
waves", although they are not tides in the ordinary sense. The
history of terrible storms, revealing many instances of cities
and towns flooded, with thousards of lives lost, evidence thatb
such rises are not always gradual.

Usually the level of the storm surge is increased by a rising
oczan bed and favorable shore contowrs, factors which similarly
affect the astronomical tide in shore locations. The ordinary
rise of the tide amounts to only one or two feet in the open ocean
while its range is often ten to twelve feet at coastal points.

In certain bays and chamnels the rise is 25 to 50 feet above low
water. The times of ebb and flow of such tides are of course

well known, but the storm surge comes so rarely to any one community
that it 1s seldom anticipated in its fully developed form. A well
defined storm surge 1s not developed unless the slope of the ocean
bed and the contour of the coastline are favorable to its rise,

in combination with the proper direction of the storm track and
speed of movement.
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Fishing vessels grounded on Crow Island, New Bedford and Fairhaven Harbor,
during Hurricane ''Carol," 31 August 1954, (Photo by New Bedford Standard-
Times. )



Fishing boats and debris washed ashore at east end of New-Fairhaven Bridge during
Hurricane "Carol,' 31 August 1954. (Photo by New Bedford Standard-Times. )



Marine Park, Popes Island, after hurricane of 14-15 September
1944, showing wreckage of yacht club. (Photo by Hollywood
Studio, New Bedford.)

Marine Park, Popes Island, during Hurricane '""Carol, " 31 August
1954, showing partially destroyed store, formerly the yacht club,
and two stranded fishing vessels. (Photo by Hollywood Studio,
New Bedford.)



DESIGN HURRICANE TIDAL FLOCD

36, WIND FIELD AND BARCGMETRIC PRESSURE

In New England, the maximum recorded wind velocity in a past
hurricane is a gust of 186 mph at the Blue Hill Observatory,
Milton, Massachusetts, in September 1938, The sustained 5-minute
~ velocity at this location, about 4O miles north of New Bedford,
during this same hurricsne, is 121 mph, At Providence, Rhode
Island, about 30 miles northwest of New Bedford, the maximum gust
and S-minute velocity in this same hurricane were 95 and 87 mph,
respectively, During the hurricane of September 194k, the maximum
recorded gust in New England was 104 mph at Chatham, Massachusetts,
L5 miles east of New Bedford, Peak gusts measured during Harri-
cane "Carol," in August 1954, were 142 mph at Mount Washington,
New Hampshire, 180 miles north of New Bedford; and 130 mph at
Block Island, Rhode Island, L5 miles to the southwest, The maximum
velocity of record at New Bedford was registered during the Hurri-
cane of September 194k and again during Hurricane "Carol," gusts
of 85 mph being measured during both of these two hurricanes,

Low atmospheric pressures are characteristic of the "eye' of
a hurricene, The lowest barometric pressure ever recorded in New
England is 28,04 inches at Hartford, Connecticut, during the 1938
hurricane, The lowest at New Bedford is 28,42 inches in the Sep-
tember 194L hurricene, The New England low during this latter
storm is 28,30 inches at Westerly, Rhode Island, In Hurricane
"Carol" the pressure fell to 28,20 inches at Storrs, Connecticut,
and 29.05 inches at New Bedford, Further data on wind velocities
and barometric pressures in past hurricanes are included in Ap-
pendix B, ‘

37, ASTRONOMICAIL TIDE AND TIDAT, FLOODING

An important factor in determining the height of flooding
from a tidal surge is the stage of the normal tide at the time
the hurricane surge arrives at the coast., The surge in the Sep~-
tember 1938 hurricene added 10 feet to the astronomical tide at
New Bedford and caused flooding to an elevation of 12,5 feet msl
(approximately 10,7 feet mhw), The hurricsne of 31 August 1954
(Hurricane "Carol"), with a 9,9-foot surge caused flooding to an
elevation of 11,9 feet msl, Hurricane high-water elevations,
predicted = coincident astronomical tides, and the storm surges
in the three major hurricsnes to strike New Bedford Harbor in
recent times, are tabulated in Table 3 on the following page.
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TABLE 3
HURRICANE TIDAL-FLOOD DATA

New Bedford and Fairhaven Harbor, Massachusetts

Time Hurricane Coincident
of ' High-Water Astronomical
Hurricane Peak Elevation Tide Storm Surge
(EST) {feet msl) (feet msi) (feet)
2] Sep 1938 5:h5 PM 12,5 2,5 10.0
1y Sep 194k 11:10 PM 8.2 -1.3 9.5
31 Aug 1954 10:30 AM 11,9 2.0 9.9

The duration of tidal flooding, zbove the elevation of mean high
water, was six hours in the 1938 hurricane; and eight hours in
the hurricsnes of September 194k and August L95L, Further data
on tidal high water elevation may be found in Appendix B.

Peak flooding in the 1938 and 1954 hurricanes occurred practi-
cally simultaneously with a high tide of spring-tide range; and
the peak of the 194l hurriczne occurred near the time of a low
‘tide, The hurricane surges upon all three occasions were nearly
equivalent, If these three storms had struck New Bedford at a
time coincident with a maximum spring tide of 3,2 feet msl, flooding
would have been experienced to an elevation of 13,2 feet msl in
1938, 12,7 feet in 194, and 13,1 feet msl in 19543 or 0.7, 0,2
and 0,6 foot higher than was actually experienced in 1938,

In determining future tidal flood levels, one factor to be
considered is the rise in mean sea level that is taking place
along the New England coast, Continuing investigations being
made by the U.,S, Coast and Geodetic Survey in regard to changes
in sea level indicate that the elevation of mean sea level has
risen at a rate of approximately 0.02 foot per year since 1930,
(See report by the Council on Wave Research in Proceedings of
the First and Second Conferences on Coastal Engineering, 1952).
If this trend continues and storms of the magnitude of the 1938
and 1954 hurriceznes were to occur at the end of the next 50 years,
flood levels would be approximstely one foot higher than were
actually experienced in these storms, The effect of rising sea
level is to increase the severity of future hurricane tidal
flooding,
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38, STORM TRACKS

Each of the three great recent hurricanes, namely, those of
1938, 194h, and 1954, followed a path 25 to 100 miles to the wéht
of New Bedford, thereby placing the city snd adjoining areas in
the sector of the strongest and most damaging hurricasne winds,
as well as in the sector where the storm surge is highest,

39, SELECTION OF DESIGN HURRICANE

In the design of protective works for the New Bedford-Fair-
haven area, structures must be sufficiently high and strong to
withstand the most severe combination of storm tide and wave
action that can reasonably be expected, A design hurricane for
use in determining the required height of protective gtructures
has been established through the cooperation of the U.5., Weather
Bureau and the Beach Erosion Board, assisted by personnel of the
Agricultural and Mechanical College of Texas, The basis for the
design storm is a transposition of the September 194L hurricane,
This hurricane, off Cape Hatteras, had the greatest amount of '
energy of any known hurricane, including that of September 1938.
I.R, Tannehiil, in his book, "Hurricanes: Their Nature and History,"
1956, states in reference to the September L9hh hurricane,"....
there is no definite proof of a more violent hurricsne in the
records," However, the 19hli hurricane when it struck New England
was not nearly so serious as either the September 1938 or August L1954
hurricanes because (1) its energy had been partiy dissipated over
the land north of Cape Hatteras, and (2) it struck at a time of
low tide. In deriving the design hurricane, the 1%L storm was
transposed so that it would be entirely over water from the Cape
Hatteras area to the New England coast, This change in the track
of the storm results in less rise in barometric pressure at the
center of the storm as it moves nerthward than was actuplly experi-
enced in 19L4h, The transposed hurricane, with characteristics
equivalent to those of the 1oL disturbances while off Cape Hatteras,
is assumed to move in a due northerly direction with a forward speed
of LO knots (about 46 mph) and to pass over New England with its
center at a point L9 nautical miles (56 statute miles) west of New
Bedford, This change in the track of the storm places New Bedford
in the most critical area of the hurricane, Wind velocities were
ascertained by the U,3, Weather Bureau for hourly intervals during
the passage of the storm, The maximum average one=hour wind ve
locity has been estimated st 80 mph, The storm-tide potential at
the entrance to Narragansett Bay was determined and a preliminary
estimate was made of the size of the surge after its propagation
along the coast and up Buzzards Bay to the entrance of New Bedford
and Fairhaven Harbor, _
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L0, DESIGN FLOCD LEVELS

The 1938 hurricane storm-tide potential off Newport, Rhode
Island, at the entrance to Narraganseit Bay, has been caiculated
at 6,9 feet, The surge at this same location, in the event of a
design hurricane, has been determined to equal 8,6 feet or 1,25
times the 1938 surge, The computation of these storm-tide poten-
tials, including a description of the method employed, is con-
tained in a report dated March 1956, entitied "Dynamic Storm Tide
Potential," prepasred by the Department of Oceanography of Texas
A, and M, College in connection with research work conducted by
them for the Beach Erosion Board.

The storm~tide potential for New Bedford and Fairhaven Harbor,
under design hurricane conditions, is estimated at 15 feet, The
design storm tide of 15 feet is 50 percent greater than the 1938
storm surge which is the greatest to have been experienced during
the past 50~ to 60-year period of reliable records, The addition
of a 15-foot surge on top of a spring tide gives a design tidai~
flood level of 18 feet mgl (16,2 feet mhw) or 5,5 feet higher than
the level of flooding experienced in 1938, The derivation of the
design storm-tide potential is contained in Appendix B,

"11., DESIGN WAVES AND RUNUP

Significant wave heights, under conditions of a design hurri<.
cane with a 2~hour average wind velocity of 75 mph and a surge
of .15 feet on top of a2 spring tide at 3 feet msl, are estimated
as follows for exposed locations along the aligmment of pran "F!

a, Main Harbor Barrier and Dike: 7 to 8 feet, with
5 feet nesr shore at Fort Phoenix,

b. Clark Cove Dike: 7 to 8 feet.
¢, Fairhaven Dike: 3 to L feet,

These are significant wave heights, that is, they are equivalent
to the average height of the highest one-third of all the waves
in a wave train. These heights are exceeded by about 13 percent
of all the waves in the train, the maximum wave heights being
about 60 percent higher and occuring about one percent of the
time,

The wave runup (the height above still-water level reached

by the rush of water up a structure on breaking of a wave) on the
seaward side of the protective works is 10 to 11 feet for the dikes
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in the Clark Cove area, 10 feet for the Rodney French Boulevard
dike along the east shore of New Bedford, 6 to 7 feet for the main
harbor barrier, and I to 6.5 feet for the Fairhaven Dike, These
runup values are based on rubble slopes of ‘rough angular stone,
The subject of hurricane waves, ineluding runup and overtopping,
is considered in further detail in Appendix B,

L2, DESICN RAINFALL

The maximum runoff expected from the areas behind considered
protective works has been determined by combining the runoff from
. rainfall in two design storms, one antecedent to, and the other
coincident with, the hurricane, The adopted antecedent storm
that would produce peak runoff from the Acushnet River has a rain-
fall of 13,1 inches in 55 hours. This raintfail value is the same
as that recorded at Mansfield, Massachusetts, in the Wading River
Basin, during Hurricane “Dlane" (17-20 Auvgust 1955), and it ap~-
proximates a standard preoject rainfail for the Acushnet River
drainage area of 18,4 square miles at Saw #ill Dam, A mass curve
of the record raintail at Mansfield, Massachusetts, is shown on
Plate B=3, Appendix B, The intensity o1 design rainfatl coincident
with a hurricane causing tidai fiooding in the New Bedford-Fair-
haven area is predicated on 8 inches of precipitation in 24 hours,

43, DESIGN RUNOFF

The records of two streamflow gages in the Wading River Basin,
one nesr Norton, Massachusetts, with a drainsge area of L2.,h
square miles, and the other at West Mansfielrd, Massachusetts, with .
a drainage area of 19,2 square miles, are used to estimzte the
discharge expected from the 18,4 sgquare mile drainage area of the
Acushnet River coincident with the occurrence of a hurriesne, The
Wading and Acushnet River watersheds have similar topography.

A& discharge of 650 c¢fsg from antecedent rainfall is used as
the rate of constant flow to be expected from the Acushnet River
during the time that any protective measures are in operation to
reduce hurricane tidal-tlood damage in the New Bedford area. A
determination alsc was made of the volume of runoff that will occur
from a coincident design rainfall of 8 inches in 24 hours on the
10,0 sguare miles of water surface and urban and suburban areas
between Saw Mill Dam and the considered protective works. Further
data on desgign runoff are contained in Appendix B,
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EXTENT AND CHARACTER OF FLOODED AREA

Wi, The hurricanes of 21 September 1938 and 31 August 195! caused
tidal flooding to elevations of 12,5 and 11.9 teet msl, respectively,
and, at these elevations, inundated about 1,700 acres in New Bedford,
Fairhaven, and Acushnet. This excludes the Sconticut Neck and West
Island area of Fairhaven which is to be the subject of a future study.
-The major portion of the flood damages was sustained in the indus-
trial city of New Bedford, in an area covering about 1,000 acres and
extending along the entire 10 miles of the city's thickly settled
industrial and commercial waterfront. Major industrial plants are
located throughout the flocoded area with the heavier concentrations
of industrial activity being found at -the head of Clark Cove, on the
west side of the harbor above and opposite Palmer Island, and along
the Acushnet River at locations north and immediately south of the
Coggeshall Street Bridge. The principal commercial wharves of the
city extend along the waterfront for a distance of about one mile,
from one-quarter mile above to three-quarters mile below the New Bed-
ford-Fairhaven Bridge.

Although both residential and commercial losses were heavy, ine
formation obtained by damage survey parties in the fall of 1955 indi-
cates that most of the damage in New Bedford was experienced by mami-
facturing concerns. (See Table i and paragraph L6 of this report.)
These concerns, numbering about 60 and having a total anmual produc-
tion valued a2t %200,000,000, employ about 20,000 people, or approx-
imately 80 percent of the total manmufacturing laber force of the city.
Approximately one-half of the 195) tidal-flood damages are found ahove
the New Bedford-ralrhaven Bridge and one~half below.

Most of the tidal flood damage in Acushnet has occurred at two
industrial plants located at and near the head of tidewater in the
" Acushnet River. In Fairhaven, much of the damage has been sustained
by commercial and residential properties. Damages in the flooded
area of Fairhaven above the New Bedford~Fairhaven Bridge have been
all urban in nature, mainly residential. Along the Fairhaven water-
front, below the iNew Bedford-Fairhaven Bridge, five wharves, used al=-
most entirely by the locel fishing fleet and concerns engaged in the
repair and cutfitting of fishing boats and pleasure craft, have been
severly battered in past hurricanes.
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HURRICANE TIDAL-FLOOD DAMAGES

45, FLOOD DAMAGE SURVEY

Information on tidal-flood damages sustained as a result of the
1954 hurricane was cbtained by damage survey parties in the fall of
1955. Data were collected on the extent and nature of the areas
flooded and the depth of flooding and the amount of damages that
were experienced during Hurricane "Carol™, 31 August 1954, Losses
were ostimated for various stages of flooding above and below the
195} flood level to develop stage-loss relationships. Mach of the
information was obtained through personal interviews, although sam-
piing methods were used whenever similar types of property, subject
to approximately the same depth of flooding, were encountered,

46, EXPERIENCED TIDAL-FLOOD DAMAGES

Hurricane "Carol® (31 August 1954 ) caused damages from tidal
flooding in New Bedford, Fairhaven, and Acushnet, excluding
Sconticut Neck and West Island, that amounted to $26,200,000, Near-
ly 90 percent of this total, or $23,380,000, was sustained in the
city of New Bedford. The major portion of the total loss, about
two~-thirds of the total, was sustained by industrial properties,
Tidal-flood losses are considered in detail in Appendix D, The dis-
tribution of the total loss by towns and by type of damage is shown
in the followling table,

TABIE )
EXPERIENCED TIDAL-FLOOD DAMAGES

Hurricane "Carcl", 31 August 1954
Now Bedford, Fairhaven, and Acushnet, Massachusetts
(Excluding Sconticut Neck and West Island)

Dam#gea in Thousands of Dollars

Type New_Bedford Fairhaven Acushnet Total
Industrial 18,630 600 290 19,520
Urban (1) 4,610 1,790 10 6,410
Rural - - 10 10
Highway 140 120 - 260

Total 23,380 2,510 310 26,200

(1) Includes residential, commercial and public properties,
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In addition to extensive residential, commercial, and indus-
trial losses in the New Bedford and Fairhaven Harbor area, damages
sustained by craft afloat and automobiles in the flood area ac-
counted for considerable losses which were not included or were
included only in part since loss information was meagre or unavail-
able, Avalilable evidence indicates, however, that these losses
were substantial in both the 1938 and 1954 tidal flooding. Other
unevaluated losses include intangible damages such as loss of life,
health, security, and menace to national security.

L47. RECURRING TIDAL-FLOOD DAMAGES

Using stage-damage relationships obtalned from the damage in-
vestigations in the field, estimates have been made of recurring
damages, at 1956 price levels, that would be experienced in future

hurricanes causing flooding at various stages sbove and below the
195h flood level., These losses are summarized in Table 5 below,

TABLE §
RECURRING TIDAL-FLOOD DAMAGES

(1956 Price lLevel)

New Bedford, Fairhaven, and Acushnet, Massachusetts
(Excluding Sconticut Neck and West lsiand)

Equivalent Flood

Hurricane | (fé%%ﬁﬁgi) Location (g%?ggg)

31 Aug 1954 11.9 New Bedford $2),550
Fairhaven 2,460
Acushnet 330
Total $27,3k0

1), Sept 19kl 8.2 Total $ 1,550

21 Sept 1938 12,5 Total $32,970

Design 18,0 Total $96,000

Further data on the determination of recurring losses are included
in Appendix D,
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118, AVERAGE ANMNUAL TIDAL-FLOOD LOSSES

Average anmial tidal-flood losses in the survey area (New Bedford,
Fairhaven, and Acushnet, excluding Sconticut Neck and West Isiand),
as determined from damage~frequency relationships, are estimated at
$958,900, at 1956 price levels, The stage-frequency curve used in
determining losses was based on known tidal-flood levels of the three
most severe hurricanes of the past 50 years and estimated high water
marks in a mumber of hurricanes prior to 1900, This curve was cor-
related with stage-~damage information to arrive at curves of damage-
frequency from which the ammual damages were derived,

An alternative estimate of annual lossea has been made based
on an assumed recurrence during the next 50 years of the hurricanes
of 1938, 194k, and 1954 ("Carocl"), A recurrence of tidal stages
produced by these storms would cause a total loss of about $61,860,000,
at 1956 price levels, or an average anmal loss of about $1,240,000
over the 50-year period, One design flood in lieu of the 1938 hurri-
cane would raise total damages to $124,890,000, or nearly $2,500,000

annually,
49, SCARE COSTS

In addition to the actual tidal-flood damages, significant costs
result from the institution of temporary preventive measures follow-
ing a hurricane warning, whether flooding occurs or not. Included
among such measures are provisions for sand-bagging and plans for the
temporary evacuation of space likely to be flooded, It is estimated
that "scare costs" to local commercial and industrial interests in
the New Bedford-Fairhaven area will gmount to about $1)7,100, at 1956
prices, in each hurricane scare, Based on & frequency of three warn-
ings every ten years, a frequency consistent with records of/the“pag?
50 years, average annual scare costs for the area amount 6 ! »100¢

S R
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48, AVERAGE ANNUAL TIDAL-FLOOD LOSSES

Average anmual tidal~-flood losses in the survey area (New Bedford,
Fairhaven, and Acushnet, excluding Sconticut Neck and West Island),
as determined from damage-frequency relationships, are estimated at
$958,900, at 1956 price levels, The stage-frequency curve used in
determining losses was based on known tidal-flood levels of the three
most severe hurricanes of the past 50 years and estimated high water
marks in a nmumber of hurricanes prior to 1900, This curve was cor-
related with stage~damage information to arrive at curves of damage~
frequency from which the armual damages were derived,

An alternative estimate of annual losses has been made based
on an assumed recurrence during the next 50 years of the hurricanes
of 1938, 194k, and 1954 ("Carol")., A recurrence of tidal stages
produced by these storms would cause a total loss of about $61,860,000,
at 1956 price levels, or an average anmal loss of about $1,240,000
over the 50-year period, One design flood in lieu of the 1938 hurri-
cane would raise total damages to $124,890,000, or nearly $2,500,000
annually,

L9, SCARE COSTS

In addition to the actual tidal-flood damages, significant costs
result from the institution of temporary preventive measures follow-
ing a hurricane warning, whether flooding occurs or not. Included
among such measures are provisions for sand-bagging and plans for the
temporary evacuation of space likely to be flooded, It is eatimated
that "scare costs™ to local commercial and industrial interests in
the New Bedford-Fairhaven area will amount to about $1,7,100, at 1956
prices, in each hurricane scare, Based on a frequency of three warn-
ings every ten years, a frequency consistent with records of the past
50 years, average annual scare costs for the area amount to $il,100.
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"Scare Cost" operations at a large industrial plant on the Acushnet River. When
a warning is received that a hurricane appears to be headed for New Bedford,

production is stopped, large electric motors are removed and shipped to high
ground, and machinery is dismantled and paris stored above anticipated flood
level. Above photo taken during preparations for a late 1954 hurricane which

threatened but did not sirike New Bedford. {Photo courtesy of Acushnet Process
Company. }



Industrial damage caused by Hurricane "Carol, " 31 August 1954, Oil-coated salt
water inundated machinery to depths of over four feei. Motors, gears, bearings,
and other equipment had to be replaced or removed for cleaning and major over-
haul before plant could resume operation. {Photo courtesy of Acushnet Process
Company. )



This photo shows the parking area of one of the large industrial plants on the west
bank of the Acushnet River shortly after the peak of tidal-flooding in Hurricane
""Carol' was reached on 31 August 1954. Similar damage was experienced at a

aumber of other large plants in New Bedford during this hurricane. {(Photo courte-

sy of Aerovox Corporation, )



EXISTIHCG CORPS OF ENGINEERS! PROJECT

50. HURRICANE PrOTROTION PROJECT

There is no existing Corps of Engineers' hurricane protect;on
project for the prevention of hurricane tldal-flood damages in the
New Bedford-Fairhaven area, .

51. NAVICATION PROJECTS

Federal improvement of New Bedford and Fairhaven 'larbor in the
interests of navigation dates back to 1839, The existing navigation
project provides for a main channel 350 feet wide and 30 feet deep,
at mean low water, from deep water in Buzzards Bay to a point just
abeve the New Bedford-Fairhaven Bridge, 2 distance of about 5 miles.
In addition, the project provides for a 25-foot branch channel; 15~
and 1f8~foot channelsalong the Fairhaven waterfront and in the Acushnet
River, respectively; +two 30~foot meneuvering aress; and a 25-fcot
anchorage., There are no recommended changes in the existing project
awaiting Congressional action at the present time.

RURRICANE PROTECTION IMPROVEMENTS BY OTHERS

52, TEDERAL ATD STATE IMPROVEIENTS

No Federal improvements in the interest of minimizing hurricane
tidal-flood damages in the wew Bedford-ralrhaven area have been under-
taken by any other lederal agencies or by the Commonwealth of Mass—
achusetts.

53, IOCAY, ITMPROVEIENTS

Since Hurricane "Carel" (195h), the City of New Bedford has
taken steps to reduce future damages to sewage pwmping facilities.
Also, a number of the larger industrial concerns and commercial estabe-
lishments in the New Bedford-Fairhaven aresa hawe installed permanent
or seni=permanent measures to reduce damages they individually would
sustain in future hurricanes. These measures include the following:

a2, Permanent closure of windows and other openings, and the
provision of means to permit temporary closure.

b, Instzllation of valves or gates to prevent backup in
pipelines.

c. Construction of flood walls, with stoplog openings,
between buildings.

d., Installation of pumps to control seepage and interior
dreainage.
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e. Chanres in the uwtilization of space susceptible to
flooding, in some instances to the extent of permerent abandonment
of space.

f. Adoption of flood mobilization plans providing for evac-
nation of personnel and removal of goods and equipment.

Most of the protective works constructed by private interests are
as yet untested and their effectiveness in the event of major hurricane
tidal flooding is problematical. Among unpredictable factors are the
vulnerability of walls and floors to hydrostatic pressures; possibilities
of overtopping; and danger of floating debris and drifting boats causing
sufiicient damage to buildings to permit the entry of s=lt water. The
effectiveness of existing local protection measures is considered
further in Appendix B.

IMFROVEMENTS DESIRED

Sly, PROPOSALIS BY IOCAL INTERESTS

Local interests evidenced a strong desire for protection against
hurricane tidal flooding even before the passage of Public Law 71 which
anthorized this survey. Proposals advanced by representatives of local
industries when they appeared before the Senate Public Works Subcommittee
on Rivers and Harbors, in April 1955, to present testimony in support of
Public Law 71, included the following'

a. Replacement of the existing Coggeshall Street Bridge,
damaged in Hurricane "Carol" (195h), with a causeway.

b. A causeway across the Acushnet River, about 2,000 feet
below Coggeshall Street, from the vicinity of Wamsutta Street in New
Bedford to Marsh Island and the Riverside Cemetery in Fairhaven.

¢. Protection by means of a seawall along the south side of
the New Bedford-Fairhaven Bridge.

d. A barrier across the main harbor in the vicinity of Palmer
ISlando

e. DBreakwaters in the southern or outer part of the harbor to
reduce the amount of damage from wave action.

Z¢. MEETINGS WITH IOCAL INTERESTS

During the course of the survey, several meetings have been held
with a local hurricane advisory committiee corprised of representatives
of both state and local governments as well as local commercial and
industrial interests. The purposes of the meeiings have been to ascer-
tain the desires of local interests, to acquaint them with the progress
being made on the: survey, and to afford an opportunity for the exchange
of ideas and comments on the survey and the various plans of protection
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being considered. A% these meetings, local interests reiterated their
need for protection against hurricane-induced tidal flooding., They
expressed general approval and preference for a plan providing protec-
tion by mesns of a barrier across the harbor in the vicinity of Palmer
Island, with supplemental dikes in Fairhaven and in the Clark Cove area
of New Bedford. This is Plan "F," as discussed in paragraphs 63 to 7h.

56. PUBLIC HEARING

A public hearing was held in New Bedford, Massachusetts, on 25
September 1956, to acquaint local interests with the results of the
survey and to determine their views and opinions. The meeting was at-
tended by about 150 persons including a member of Congress, state and
local officials, representatives of local industrial and commercial
interests, and home owners, Al this meeting, local interests restated
their need for protection, expressed approval of Plan "¥F," and voiced
the opinion that construction of the project should be a Federally
financed undertaking. A strong desire for the provision of pretection
in the Sconticut Neck area of Fairhaven was expressed by a representa-
tive group of property owners from this area. They were informed that
the possibilities of providing protection to shorefront properties
along Sconticut Neck would be considered in commection with future
studies to be made of the hurricane problems along the coast of Mass-
achusetts, '
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HURRICANE FLOOD PROBLEM AND SOLUTIONS CONSIDERED
©7. HURRICANE FLOOD DAMAGES

Hurricane damages result chiefly from (1) sait-water flooding
by the hurricane surge, (2) action of storm-driven waves, (3)
fresh-water flooding resulting from torrential rains, and (i)
effect of high velocity winds, This report is limited to the
damages arising from salt-water tidai flooding and wave action,
Fresh-water runoff and flood damages are considered oniy to the
extent that they affect areas subject to tidal flooding, Along
low coastal areas and in marrow river valleys, flooding is gener-
ally the chief concern, Hurricane "Caroi" (1954) caused severe
flooding of shorefront areas in the New Bedford-Fairhaven area,
and, in the following year, Hurricane "Diane" intlicted enormously
heavy flood damages along the river valleys in Connecticut, Massa-
chusetts, and Rhode Island.

Hurriczne damages consist of loss of life and property,
hazards to heaith, disruption of normal economic activities, and
costs of evacuation and reoccupation, Some types of damage cannot
feasibly be prevented, although they may be relieved by careful
planning, Effective protection against hurricane winds, for
instance, can be relieved to some extent by the adoption of higher
building code standards, as has been done by some localities,
Damages resutting from tidal flooding of coastal areas or fresh-
water flooding of river valleys, however, can be significsntly
reduced in some cases by adequate protective structures.

58, HURRICANE FLOOD PROBLEM

The problem, in general,in the survey area is one of providing -
protection to the thickiy settle industrial and urban areas of New
Bedford, Fairhaven, and Acushnet, Massachusetts, bordering the
shores of the New Bedford-Fairhaven Harbor and the Acushnet River,
which sustanined damages of $26,200,000 from tidaL flooding in
Hurricane "Caroi' (31 August 1954), The larger part of the area
requiring protection is densely occupied by industrial plants,
commercial estzblishments, and dwellings. Along the harbor front
are numerous active wharf and pier facilities, The problem re.
solves itseif into one of determining the possibilities of pro-
viding economically justifiable protection for this thickly
settled area with a minimum amount of disruption to existing
facilities. '
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59, DEGREE OF PROTECTION REQUIRED

The degree of required protection is indicated by the fact
that properties in the area were flooded to a maximum depth of
about 8 SP feet at the time of the 1938 hurricane, and to a depth
of neariy 8 feet during the 1954 hurricane. These depths of
flooding represent a flood-water elevation of 12,5 and 1i,9
feet, respectiveiy, above mean sea level, or 10,7 and 10, feet,
respectively, above mean high water, These hurricane-tide levels
also rdpresent an elevation about 10 feet above the astronomical
tide predicated for the time when peak flooding occcurred. More-
over, in the event of 2 design hurricane occurring coincident
with the peak of a spring tide, the waters of the bay and river
will be raised to an estimated etevation of 18 feet msi, This
will cause flooding to a depth of 1 feet over some properties.
In addition to providing protection to an elevation of L8 feet
msl, an inecreased height of protection must be provided in some
of the more exposed locations in order to minimize the effect of
overtopring by the high waves created by the hurricane winds.

60. FROTECTIVE MEASURES CONSIDERED

Protective measures tall into the following categories:
(a) hurricane warning and emergency flood mobllizatlon measures;
(b) revision of zoning regulations and building codes; and (c)
protective structures. They are described below.

a, Hurricane warning and emergency ilood mobilization
measureg, - A hurricane warning system, combined with emergency
mobilization, would materiaiiy aid in preventing ioss of life
and property., However, such a system would not atleviate the
problem of physical inundation of iand areas, Considerable time
is required for emergency precautionary measures such as boarding-
up and sand-bagging lower floors and windows, evacuating low-lying
areas, removing goods and equipment to higher levels, pulling small
craft ashore, and driving vehicles to high ground, A warning
‘system, no matter how extensive and elaborate, may not provide
sufficient time for adequate precautions, The hurricane of 1938,
for exampie, which was reported stailed at one time off Cape
Hatteras, swept over the Buzzards Bay area, aimost unannounced,
oniy eight hours later.

Hurricane aierts and near misses, that result in "scares"
only, seriously interfere with the normal activities of the
affected residents and mean undue hardship and great economic
‘loss, For the New Bedford-Fairhaven area, a "scare" has been
estimated to cost about $u4,00C, Adequate hurricane warnings
are necessary, however, to supplement any pian of protection for
the New Bedford-Fairhaven area,
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b, Revision of zoning regulations and building codes. The
consideration of warnings and emergency measures leads to thought
of more permanent relocation of goods and equipment to higher floor
levels, relocation out of the flood area entirely, or of more sub-
stantial construction to resist the destructive foreces of high
water and waves, State and local govermments, in some instances,
have proposed adoption of zoning restrictions to prevent new cone
struction in critical flood areas and revision of bulliding codes

. to require sturdy structures in areas where buildings were de-

molished by the storm tide, Such measures, however, where pro-
posed for existing concentrations of homes, commercial establish-
ments, and industries, tend to meet with strong opposition
because of the high investment in property and the prospective
loss to property owners and municipalities, The responsibility
for enacting legislation on zoning and building regulations lies
with the stetes and municipalities concerned,

;  ¢. Protective structures, Although hurricane warnings,
nobilization measures, and revised zoning regulations and building
codes will abate the extent of flood damages, they will not elimi-
nate the inherent donger from tidal flooding, The most positive
means of protection consists of structures which will physically
reduce or prevent the inundation of properties by tidal-floed
waters that enter New Bedford and Fairhaven Harbor at the time of
a hurricane, Considered structures include barriers, with gated
or ungated openings, which will completely or partially close off
the waterway to the entry of hurricane tides; dikes or walls, along the
shore, which will hold back the high water; or a combination of
barriers, dikes, snd walls, The construction of breakwaters in
the outer harbor, as suggested by local interests, will effect a
reduction in the height of hurricane waves, but will be ineffective
in preventing the flooding of shore properties,

61, PLANS CONSIDERED

Consideration has been given tc a number of plans for pro-
tective structurss which will reduce the damsges from tidal fiood-
ing in future hurricsnes. These plans are briefly desecribed below,

a., Plan "MA.," A plan for a rock~faced, earth-fill barrier
or causeway across the Acushnet river at Coggeshall Street, with
concrete walls extending atong Coggeshall Street to high ground
in New Bedford and Fairhaven, A gated outlet structure, which
will be operated at the time of a hurricane, is provided through
the causeway to accommodate the flow of the Acushnet River,
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b. Plan "B." A plan for a combined highway and hurricane
protection structure across the Acushnet River, about 500 feet
below Coggeshall Street, together with a combined access road and
~hurricane dike running southward along the west or New Bedford
shore of the river to a point just upstream of the New Bedford-
Fairhaven Bridge, The highway crossing and access road form a
part of an expressway plan now being studied by the Massachusetts
Department of Public Works., The hurricane protection features of
Plan "B" include a L-foot high concrete wall along the south side
of the considered expressway and the east side of the access road,
a gated outlet structure, and a short section of closure dike and
wall running to high ground south of the terminus of the access
road,

¢, Plan "C," A plan for an earth and rock barrier across
the Acushnet River, from the foot of Wamsutta Street in New Bed.
ford, across Marsh Island, to high ground at the south end of
Riverside Cemetery in Fairhaven, Closure to high ground in New
Bedford will be accomplished by a concrete wall, A gated outlet
structure is incorporated in the barrier, '

d. Flan "D," A plan for an earth and rock barrier, with
gated outlet structure, across the Acushnet River from the foot
of North Street in New Bedford to the north end of Popes Isiand,
then continuing to high ground near the intersection of Pilgrim
Avenue and Main Street in Fairhaven, The barrier circles the
present 30-foot deep maneuvering area north of the New Bedford-
Fairhaven Bridge. A short section of concrete wail along North
Street completes closure to high ground in New Bedford,

e. Plan "E," A plan for a barrier structure at the head
of New Bedford Harbor, immediately south of the New Bedford-
Fairhsven Bridge, consisting of sections of earth and rock dikes
and concrete walls rumming from high ground near the intersection
of Second and Middle Streets in New Bedford to high ground at
Huttleston Avenue and Adams Street in Fairhaven, One considered
variation in the plan of protection at this location includes a
gated opening for navigation to permit access to wharves above
the bridge., An alternative of this plan provides for new wharf
facilities along the south side of the barrier structure in lieun
of a navigation opening, Under both alternatives, a gated outlet
structure is provided through the barrier, near the east end of
Popes Isiand, to permit the normal flow of the tide,

f., FPlan "F," A plan for an earth and rock barrier across

New Bedford Harbor in the vicinity of Palmer Island, with a dike
extension along the New Bedford shore, and supplemental dikes and

33



S

walls in the Clark Cove area of New Bedford and in Fairhaven., A
gated opening for navigation is provided in the section of the
barrier between Palmer Island and Fort Phoenix, where it crosses
the existing 30-fcot deep navigation channel, to permit the move=-
ment of vessels in to and out of the harbor, This plan is dis-
cussed in further detail under the section on"Hurricane Flood
Control Plan,"below.

g. Outer Harbor Barrier, A barrier structure across the
outer harbor from Clark FPoint, New Bedford, to Sconticut Point,
Falrhaven, with either a gated or ungated opening for navigation,
Under this proposal, supplemental protection is required in the
Sconticut Neck area of Fairhaven and at Clark Cove.

h, Waterfront Dikes, Protection by dikes and walls along
the New Bedford and Fairhaven shores, either alone or in combina-
tion with other considered plans,

62, SFLECTION OF PLAM OF PROTECTION

The five plans, "A" to "E™ which call for protective works
at or above the New Bedford-Fairhaven Bridge, were given prelimi.
nary consideration, Although the cost of the hurricane protection
features under each plan is warrsnted on the basis of preventable
damages in a recurrence of 1938 and 195h hurricsne tidal-flood
conditions, none of these plans are considered to be as desirable
as Plan "F!" owing to the limited areas they will protect, The
experienced damages which would have been eliminated in 1954 by
each of these five plans vary from about $7,400,000 to $12,800,000,
or .about 28 to L9 percent of the total tidal-flocd damages sus-
tained in the survey srea at the time of Burricane "“Carol.® In
contrast, Plan "F" would reduce the dsmages nearly. 100 percent.
Therefore, Plans "A" through "E" were eliminated from detailed
consideration early in the study., Plan "B"™ also conflicts with
plans being considered by local interests for the possible develop-
ment of westerfront facilities along the west bank of the Acushnet
River above the New Bedford-Fairhaven Bridge,

The considered barrier between Clark and Sconticut Points
would eliminate most of the potential tidal~flood damages in the
New Bedford-Fzirhaven area, but the cost would be very high and
of the magnitude of twice the value of damages experienced in 1954,
If such a barrier were constructed, navigation difficulties would
arise, An ungated opening sufficiently narrow to cause reduction
in flood heights would produce currents of about 10 knots in the
opening during an average tidal cycle., Currents of this velocity
would be a deterrent to navigation., An opening wide enough to
obtain safe current velocities for navigation would provide little
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or no reduction in flood heights., To afford the needed degree
of protection, the project would require either a wide, gated
opening for navigation or a relatively narrow, ungated opening
supplemented by a sufficiently large number of gated siuices to
effect a reduction in velocities through the navigation opening,
In view of these problems, this plan was not given further
consideration,

The plan of dikes and walls along the New Bedford and Faire
haven shores, supplementing the protection afforded by a barrier
across the Acushnet River, exceeds Plan "F" in cost, Moreover,
this plan of dikes and walls entails the dislocation of a number
of existing buildings and facilities, and affords less protec-
tion than provided by Plan "F," Furthermore, it provides no
protection to the fishing fleet and other boats in the harbor
which have sustained heavy damages in past hurricanes,
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HURRICANE FLOOD CONTROL PLAN

63. The analyses of various alternate plans indicated that
Plan "F" promises the greatest probability of providing economi-
cally justified protection for the survey area with minimum
disruption to existing facilities.

&Ly, GENERAL DESCRIPTION

The selected hurricane protection plan for the New Bedford-
Fairhaven area, designated as Plan "F," consists of three
structures, as showm on Plate 2 of this report. The largest
and most important of these structures is the barrier across New
Bedford and Fairhaven Harbor in the vicinity of Palmer Island,

This barrier, in addition to preventing the entrance of hurricane
tidal surges, slso serves as a breakwater and protects the harbor
area north of Palmer Island from the action of the high waves that
occur at the time of a hurricane and other great storms. Supple-
mental dikes and walls to prevent flanking of the main barrier

are provided in the Clark Cove area of New Bedford and in Fairhaven.
The selected alignment of the structures involves a minimum amount
of land taking. Much bf the required land is presently owned by
the City of New Bedford or the Town of Fairhaven. Borings recently
obtained in the field indicate the site of the harbor barrier to

be a most desirable one from a geological standpoint. Each phase
of the vlan is described below, with more detailed data contained
in Appendix E.

65, MATN.HARBOR BARRIER

a. Barrier. The proposed harbor barrier consists of 4,130
feet of earth-fill dike, with rock faces and toes. It will extend
across the main harbor from the foot of Gifford Street in New
Bedford to the south end of Palmer Island, then continue across
the harbor to the intersection of Fort and Beacon Streets in
Fairhaven, passing to the north of historic Fort Phoenix. The
barrier will have a top elevabtion of 22 feet msl, a top width of
20 feet, and side slopes of 1 on 2.5. A gated opening 150 feet
wide is included in the section of the barrier between Palmer
Island and the Fairhaven maintand to accommodate navigation. A
gated conduit will be constructed in the section between the New
Bedford shore and FPalmer Island to permit emergency emptying of
the pool above the barrier, and also to permit a circulation of
tidal flow and prevent buildup in the pool at times when it may
be necessary tc close the gates for maintenance purposes.
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b. Dike Extension. A dike extension of earth-fill with
rock facing will run south for a distance of 3,130 feet along
Rodney French Boulevard, from the western end of the harbor
barrier at the foot of Gifford Street to beyond the foot of Mott
Street. This dike will hsve a top width of 10 feet, the same
top elevation (22 feet msl) as the barrier across the harbor,
and side slopes of 1 on 1.5, Closure to high ground will be
effected by 1,070 feet of concrete wall running westward,
parallel to and generally 100 feet south of Mott Street. A
stoplog opening will be required in this wall at the crossing
of Rodney French Boulevard.

c¢. Navigation Gates. Closure of the navigation opening
in the barrier will be accomplished by sector gates with concrete
dbutments and sill founded on rock. Each gate will have a
radius of 90 feet, a central angle of 60 degrees, and a total
height of 61 feet. The gate sills will be at an elevation of
39 feet below msl (37.2 feet below miw). This sill elevation
permits future deepening of the navigation channel by 5 feet,
plus an allowance of 2 feet for overdepth dredging, without
requiring any modifications to the gates.

(1) Operation of the gates. The gates will be opened
and closed by means of a rack and pinion drive. Controls will be
arranged so that the gates can be operated singly or simultaneously
from either of two centrol houses, one on each abutment. Normally,
the gates will be in an open position with each gate set inte a
recess in its abutment. The gates will be ¢losed only when a
hurricane is imminenit, with the desirable time for closing being
the period of slack water preceding a forecast rise in water level
due to a hurricane tide.

(2) Current velocities. The maximum current in the
150-foot gated opening during the rise and fall of a spring tide
has been determined to be about two knots. This maximum current,
which will be experienced only during a few tidal cycles a month
and then only for a shorit period of time, is not considered to be
excessive from the standpoint of navigation. A determination
also has been made of the maximum average current which can be
expected through the opening at the time of a future hurricane
equivalent to that of September 1938. This velocity was found
to be about six knots, if the gated tidal conduit, west of Palmer
Island, is open. The gates are designed to permit their operation
under this severe condition,
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d. Conduit Structure. The gated conduit structure included
in the section of the barrier between the New Bedford shore and
Palmer Island comnsists of four separate conduits, side by side,
each seven feet wide by nine feet high, with sills at an elevation
of minus six feet msl. The capacity of the conduit structure is
sufficient to discharge the water impounded behind the barrier
when the navigation gates are closed at the time of a design
hurricane accompanied by design conditions of rainfall and runoff.
The conduit structure will alsc serve to maintain a flow of water
along the west side of Palmer Island during normal times.

e. Temporary Bypass Channel. It is contemplated that the
gate structure in the barrier will be constructed in the dry by
the installation of a cellular cofferdam. To accommodate naviga-
tion during the period of construction, a temporary bypass channel
will be dredged along the east side of the present channel, around
the cofferdam. Upon removal of the cofferdam, this temporary
channel will serve to make an additional area of deep water avail-
able to vessels navigating the gated opening. Excavation of this
channel will necessiftate the lowering of New Bedford Gas and
Edison Light Cormpany cables which diagonally cross the harbor
in the vicinity of the north end of Palmer Island.

66. CLARK COVE DIKE

Protection from tidal flooding in the Clark Cove area consists
of 1,610 feet of earth-fill, rock-faced dike, running 2,210 feet
across the length of the Franeis Playground, at the head of Clark
Cove, then south along the east shore of the cove for a distance
of about 2,400 feet. The dike will have a top elevation of 22
feet msl (20.2 feet mhw), a top width of 10 feet, and side slopes
of 1 on 1.5. At the west end, closure to high ground, 100 feet
south of Rockdale Avenue, will be accomplished by a concrete
gravity wall 1,100 feet long with a stop-loz structure at Cove
Aoad. A second section of wall, 210 feet lonz, including a
stoplog structure at Rodney French Boulevard, 100 feet north of
Woodlawn Street, will effect closure to high ground at the east
end.

67. FAIRHAVEN DIKE

The Fairhaven Dike will be constructed of earth fill with
rocl facing on the top and seaward slopes, and seeded topsoil on
the landward slopes. The dike will start at high ground near
the foot of Lawbon Street in airhaven, south of the Atlas Tack
Corpany, and run northerly about 1,250 feet, around the Tack
Company property, to an abandoned railroad right-of-way now owned
by the town. It will then continue easterly along the right-of-way
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for about 2, 370 feet to high ground. The dike will have a top
elevation of 20 feet msl, a top width of 10 feet, and slopes of
1 on 1.5 on the seaward side and 1 on 2 on the land side. An
existing stone culvert will be replaced by a 3 by L-foot gated
conduit to permit the discharge of interior drainage during
normal periods. The gate in this conduit will be closed when
necessary to prevent the -entry of hurricane tidal-flocod waters.

68. SEWER MODIFICATIONS

In order to prevent hurricane tidal waters from backing up
the main interceptor sewer, which follows Rodney French Boulevard
along the west shore of Clark Point, a sluice gate will be
installed in the line where it passes under the flood wall .
north of Woodlawn Street. A second sluice gate will be installed
near the intersection of Second and Blackmer Streets. When the
gates are closed abt the time of a hurricane, the sewage will be
diverted into the pool above the main harbor barrier through an
84~-inch diameter line which will be installed along Blackmer
Street. '

69. DRAINAGE MODIFICATTONS

- Al existing drainsge lines passing under the dikes and
walls will be strengthened or replaced in order to carry the
added weight to which they will be subjected by reason of the
protective structures. .Tide gates or flap valves will be
provided at the outlets to prevent backup at times of hurricane
tides. To prevent the pvonding of surface runoff in the low
areas behind the Clark Cove Dike during periods of normal tide,
drop inlets will be constructed on the landward side of the dike.
Minor grading will be necessary to conduct surface flows to
these inlets. A paved gutter and channel will be constructed
along the imner toe of the dike between Gifford and Hott Streets,
‘on the west shore of the main harbor, to prevent the impouncing
of drainage waters behind this dike during tidal~flood periods
when the outlets are closed. The gutter and channel will drain
to the pool behind the main harbor barrier.

- 70. LANDS AND RIGHTS-OF-WAY

Construction of the project will require the acquisition in
fee of about L6 acres of land and construction easements on
about 11 additional acres. One small boatyard and several
buildings, including two residences, will also have to be acquired.
Flowage easements will have to be obtained on about 1l acres of
land below ‘an elevation of 6 feet msl, behind the Fairhaven Dike,
to permit the storage of interior drainage when the gated culvert
through the dike is closed. A major portion of the land which
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will have to be acquired is presently owned by the city of New
Bedford or the toun of Fairhaven.

71. HYDROLOGIC AND HYDRAULIC CONSIDZRATIONS

The oroposed protective styructures will he constructed to
meet conditions impesed by a design hurricane, e.g., a surge of
- 15 feet on top of a2 maximum spring tide and significant waves
up to 8 feet in height. In developing the plan of protection,
consideration nas beesn given to the following:

a. ilunup and overtopping .of structures by storm waves.
b. Ponding behind dikes and walls.

c. Buildup in the pool behind the main harbor barrier, from
both interior drainage and overtopping, when the navigation gates
are closed.

d. Current velocities tarough the navigation opening in the
barrier.

Dzsizn storm and runoff data are discussed in paragraphsl@) and
L3 of this report and in Appendix B. Appendix B also presents
data on other hydrologic and hydrauwlic factors that have been
considerad in the design of protective works.

72. PONDING #ND POOL BGILDUP

At the time of a hurricane, when 21l openings through the
barrier, dikzs, and walls are closed to prevent the sntry of
hurricane tidal-flood waters, ponding will result behind these
protective works., The degree of ponding will cepend on the
intensity of antecedent and ¢éoincident rainfall and on the amount
of overtopping by hurricane waves. 4&n examination of historical
records indicates that past nurricanes which have caused heavy
przcisitaticn over the survey area have not caused serious tidal
flooding, and, convarsely, that hurricanes waich haye resulted
in disastrous flooding have not produced unusually heavy rains.

In other words, it egppears that conditions which contribute to a
high surge, such as;those which were experienced in the hurricane

of September 1938, i.e., a fast-moving storm and high winds, are

not conditions conducive to heavy pracipitation such as experienced
during Jurricane "Disne! in August 1955. Therefore, it is con-
sidered that conditions of a design rainfall coinciding with those

of a design hurricane surge will be very rare. The degree of ponding
anticipated behind protective works in New Bedford and Fairhaven
does not present a serious enough threat to warrant the cost of
providing pumping facilitiss.
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a. Main Harbor Barrier. Studies of the buildup in the pool
behind the main harbor barrier, with navigation gates and tidal
conduits closed, indicate that ‘there is a rise of less than one
foot in the level of the pool under conditions of recurring 1938,
194k, and 195h hurricanes. The buildup of the pool from design
rainfall and runoff is 2.2 feet for ¢ hours of gate closure;
overtopping from design waves inereases the level another 0.6
foot; and overflow from the Clark Cove area causes an additional
rise of 0.2 foot, for a total buildup of 3.7 feet upon the rare
occurrence of design rainfail coinciding with a design hurricane.
This buildup gives a pool elevation ranging from 1.9 to 5.5 feet
msl depending on the stage of tide at the time when the gates
are closed. Damage begins at an elevation of about 3.9 feet msl,
or 8 feet below the 195k flood staze; and significant damage
($100,000 or more) starts at an elsvation of spproximately 6
feet msl.

b. Clark Cove Dike. With the recurrence of a 1954 hurricane,
interior drainage would pond to an elavation of about 7.5 feet
msl during the time that the outlet lines were closed. Overtopping
would be negligiovle. If conditions of design rainfall were to
occur, ponding froim runoff alone would reach an elevation of 11.2
feet msl. Overtopping of the dike and walls by desizn waves, in
a design hurricane, would alone cause flooding to an elevation of
13.6 feet msl. At approximately this elevation, overflow from
the Clark Cove area to the pool behind the harbor barrier begins.
In the rare event of a design rainfall occurring at a time
coincident with a design hurricane, the overflow from ponding
benind the Clark Cove Dike would contribute sbout 230 acre-feet
to the storays in the harbor peool and raise thne level of the pool
about 0.2 foot. Damage in the Clark Cove area begins at an ele-
vation of about 5.9 feet msl, or 6 feet below the 1954 tidal-flood
lavel., Initial dasmage is caused by backup in drains from a low
swale area. Significant damage, i.e., damage in excess of $50,000,
starts at a flood elevation of zhout 9.0 feet msl.

c. Fairhaven Dike, Only minor ponding will occur behind the
Fairhaven Vike in the event of a hurricane egual in magnitude to
any of those which have occurred during the past 50 years. Runoff
from the 250-acre drainagze area behind this dike will create
ponding to an elevation of 6.4 feet msl in the event of recurring
1954 hurricane rainfall and to an elevation of 7.7 feet msl in
the instance of design rainfell. In a design hurricanes, overtopping
by waves causes ponding to an elevation of 6.6 feet msl, and, com-
bined witn runoff from design rainfall, produces ponding to an
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elevation of 8.8 feet msl. Damage behind the Fairhaven Dike
begins at an elevation of approximately 8.9 feet msl or 3 feet
below the 1954 hurricane flood level. :

73. DZGREY OF PROTECTION

Plan "F" affords complste protection to about 1,400 acres
of property in New Bedford, Fairhaven, and Acushnet, below an
elevation of 12,5 feet msl, that were inundated by tidal flooding
in the hurricane of 3September 1938. Excluding the Sconticut
Neck and West Island areas of Fairhaven, this represents protection
to 80 percent of the entire flooded area. flso, upon the occasion
of conditions similar to those experienced in Hurricane "Carol®
(31 fAugust 195L4), complete prolection is provided to the area
beirind the project structures except for very minor damage from
shallow ponding of interior runoff behind the Clark Cove Uike.
This ponding will reach an elevation of approximately 7.5 feet
nsl. 7This elevation of ponding represents a reduction of L.l feet
in the flood level ‘actually axperienced in Augzust 1954, and is
1.5 feet below the flood level where significant damages ($50,000)
begin. The elevations of pon&ing behind the main harbor barrier
and the Fairhaven Dike, under conditions of a recurring 1938 or
1954 hurricane, will not reach damage staze.

Plan "F" zglso affords a high degree of protection from a
nurricane of design intensity, with a still-water flood level
of 18.0 feet msl, combinead with design rainfall conditions.
Under this combination of circumstances, considered to be of
rare frequency, -overtopsing of the dike and walls in the Clark
Cove area results in ponding to an elevation of 13.7 feet msl
or 1.2 feet above Lhe September 1933 hurricane tidal flood level.
dowever, floodines to this elevation represents a reduction of
L.3 feet in the level of flooding that would occur without any
dike protection.

In the main harbor area, Plan "F" provides practically
complete flood protection to properties behind the barrier amd
dike under conditions of a design hurricane surge and coincident
design rainfall, The degree of protection depends upon the stage
of tide when the navigation gates are closed. If the gates are
closed when the tide is at or below mean sea level, the buildup
in the pool behind the barrier will not reach the stage where
damage begins. Closure of the gates wnen the tide is at z mean
hizh water lavel results in a maximum pool elevation of 5.5 feet
msl. [he danages at this stage of flooding are minor. (See
paragraph 72a.) A slight amount of ponding will occur behnind the
dike extension to the harbor barrier upon the infrequent occasions
when design storm conditions prevail. This ponding will be of
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short duration and will cause flooding to a maximum depth of about one
foot over the length of Rodney French Boulevard which parallels the
dike.

Ponding behind the Fairhaven Dike as a result of runoff from
design rainfall and wave overtopping in a design hurricane will
reach an elevation of 8.8 feet msl, or 0,1 foot below the stage of
zero damage.

74. EFFECT OF PLAN ON HARBOR INTERESTS

The effects of the hurricane protection plan on various
interests concerned with the use of the harbox.area are discussed
in the following paragraphs. '

a. Navigation. The maximum current of two knots that would be
experienced 1n the navigation opening of the main barrier at the
time of a spring tide is not objectionable to present or prospective
vessel traffic in the harbor. At the present. time, the.largest
vessel entering the harbor is a T-2 tanker with a beam of 69 feet
and a length of 52 feet. The proposed 150=foot opening will ac-
cormodate vessels of this size. Large vessels should encounter
no appreciable delay in entering or leaving the harbor through this
opening. The considered barrier will serve also as a breakwater,
thereby creating a harbbr of refuge for the fishing fleet and other
beats at times of a hurticane or other severe storm. It should
encourage increased use of the harbor area by pleasure boats.

b. Pollution. Federal and state health authorities have con-
gidered the effect of the barrier on pollution in the Acushnet River
and inNew Bedford and Fairhaven Harbor. They have concluded that the
plan will not adversely affect sanitary conditions in the river or
the harbor since it will cause no appreciable change in the tidal
regimen above the barrier. (See Appendix F.)

¢, Figh and Wildlife. Federal and state fish and wildlife
interests have concurretd in the opinion that Hurricane Protection
Plan "F* will not be debtrimental to the fishing resources of the area.
(See Appendix F,) o

do Recreation,  The selected plan of protection will have no
adverse effect on the present recreational activities of the area.
The barrier will render the harbor more desirable as a home port
for pleagnre boats and afford a sheltered haven in time of storm for
other boats ~ruising in neighboring waters. Further, the barrier
will provide an opportunity for the development of a beach on the
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geaward side of the structure, especlally at the foot of Gifford Street.
Excess spoil material from the dredging of a temporary bypass channel
during the initial stages of construction can be uwsed for such an under-
taking or for beach improvement in other areas of the harbor such as

the Fairhaven shore between Fort Phoenix and Harbor View. The Clark
Cove Dike will afford protection to an existing playground. The

city of New Bedford eontemplates using the land area on the seaward

gide of the dike for waterfront parking and pienicking.

e. Industry. The adoption of Plan "F¥ will nnt necessitate
the removal of any industrial buildings or cause curtailment of
present industrial activities. Plants now using salt water for
cooling purposes will continue to do so without any loss in efficiency
since the water temperature in the harbor will not be affected. As
indicated in other sections of this report, a considerable portion of
the benefits obtained from the reduction of flood damages will accrue
to industry.

7h4. EFFECT OF PLAN ON ADJACENT SHORELINE

The main harbor barrier and dike in the selected plan of
hurricane protection for New Bedford Harbor, owing to their location
in a marked indentation of the Buzzards Bay coastline, will not cause
any erosion of the adjacent ghorelines. Some beneficial acecretion

might occur along the west side of the harbor, immediately below the barrier,

This would serve to augment and maintain any beach that might be
created in this area by local interests as mentioned in Paragraph 7hd.
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ESTIMATES OF FIRST COSTS AND ANNUAL CHARGES

75« The estimated total first cost of the project, based on
1956 prices, is $17,200,000, This includes allowances for engineer-
ing and design and for supervision and inspection during construction,
Adding interest during construction, for a period of 2% years, gives '
a total investment of $17,738,000, Total annual charges amount to
$691,000, and include interest at a rate of 2.5 percent, amortization
over a S50-year project life, and an allowance of $65,000 for amnual
operation and maintenance, including a charge to cover the cost of
major replacements in the future,

A summary of the first cost and annual charges is shown in
Table 6, The figures in the tabulation are based on local interests
furnishing all required lands, easements, and rights~ofw.way at an
estimated cost of $110,000, relocating submarine cables at a cost of
$40,000, operating and maintaining all land features of the project,
and contributing $1,560,000 toward the cost of construction, See
paragraphs 80 and 8l Additional data, including a breakdown of qusne
tities and unit prices, are contained in Appendix E,.
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TABLE 6

FIRST COSTS AND ANNUAT, CHARGES

HURRICANE PROTECTION PLAN "pn

New Bedford and Fairhaven Harbor Area, Massachusetts

0 65ﬁ yis 7 &
Ttem o 1 Federal Local Total
q v
' s First Cost and Investment
Construction of Barrier, - o 1)
Dikes, and Walls { $15,110,000 $1,560,000 - $16,670,000
Modifications to ,} v  r'
Sanitary Sewerage i 380,000 - 380,000
Lands and Damages 1 - 7 7110,000N 110,000
Relocation of Power Gableé - ' Ng_ h0,00b_‘ 10,000

Total First Cost ——A $15,h90,0093/ $1,710,000 . ~$l?,200,000-4f-‘"*“

[ - L

Interest during e
Construction " 1418L, 000 5k, 000 538,000

Total Investment $15,97hL,000 $1,76L4,000 $17,738,000

Annual Gharges
Interest on Investment $ 100,000 $  LL,000 $  Lhl,000

Amortization 16k, 000 18,000 182,000
Operation and Maintenance 552000(2) 10!000(3) 65,000 v

Total Annual Charges - $ 619,000 § 72,000 $ 691,000,

(1) Cash contribution to first cost in lieu of annual maintenance and
overation of harbor barrier and gate.
(2) Includes 34,000 for major replacements,

(3) Includes $2,000 for major replacements.
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ESTIMATES OF BENEFITS

76, TANGIBIE BENEFITS

Evaluated benefits tc Plan "F" include tidal-flood damages
prevented by the plan and benefits from the elimination of scare
costs, Total average annual flood damages prevented by the plan
have been estimated a@Zﬁg&Q,ﬁQQ;jét 1956 prices, based on damage-
frequency data, This amount equals an annual loss of $549,200
before protection is provided less estimated residual losses
that would be sustained even if protection is provided of $5,L00.
Such residual damages would be incurred from ponding behind the
protective works as a result of runoff from the local area and
overtopping from waves,

Average annual benefits from the elimination of scare costs
(see varagraph L9) amount to $hh,100. These benefits increase
the average annual benefits creditable to the pylan to $987,900.

FPlan "F" would afford complete tidal-flood protection to
the properties behind the dilkes and harriers in the event of
future hurricanes equivalent to those of September 1938 and
September 19Ll, and practically complete protection in the
event of a recurring August 158L hurricane. In the latter
case, a relatively negligible amount of residual damage will
be experienced in the Clark Cove area ty reason of shallow
ponding of runoff behind the dike,

If hurricanes equivalent to those of the last 50 years
were to be experienced during the 50-year life of the project,
Plan "F" would prevent total damages estimated at 359,420,000,
at 1956 price levels, broken down as follows:

Recurring Hurricane Preventable Damages
21 September 1938 %31, 760,000
1}y September 1SL4 1,550,000
31 August 195k 26,110,000
Total %$59,420,000
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This would amount to $1,188,000 apnudlly. Inclusion of scare -
cost benefits would increase this total to $1,232,100.

The damages preventable in a design hurricane, causing
flooding to a still water level of 18 feet msl, amount to
#87,700,000, with residual damages in the protected area esti-~
mated at $3,900,000. If the design hurricane is substituted
for the hurricane of September 1938, the total damages prevent-
able by Plan "F" over a 50~year period become §115,360,000.
This equals $2,307,000 annually which is increased to 52,351,100
by the addltlon of benefits from the elimination of scare costs.

In the determination of benefits, no consideration has been
giver to the indicated rise in sea level as revealed by recent
investigations of the U. S. Coast and Geodetic Survey. (See
paragrapn 37.) If mean sea level continues to rise during the
life of the project, greater damages can be anticipated from
flooding caused by hurricane surges.

77. UNDSVALUATED TANGIBSLE BENEFITS

In the computation of benefits it has been impractical to
evaluate a variety of damages resulting from tidal flooding.
among these, the most significant are (1) benefits accruing
from the reduction of damages to pleasure craft and commercial
vessels afloat, and to automobiles parked on public highways and
in commercial parking lots, (2) benefits from the prevention of
damages due to the destruvetiyve force of hurricane waves, as
distinct from the effect of high-water levels, and {3) benefits
aceruing from the encouragement which protection would provide
for industry and business.in the survey area.

78, INTANGIBIE BEN#FITS

Intangible benefits are substantial in the total benefits
to be derived from the construction of adequate protective works
in the survey area. Loss of life would be prevented, and the
dangers of disease arising from polluted flood waters and water
supplies would be eliminated. Insecurity and worry among the
residents concerning unpredictable hurricane flooding would no
longer exist. Protection would undoubtedly stimulate all seg-
ments of the economy and improve the general welfare of the
rasidents.
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Tidal-flooding in yard of industrial plant on west bank of Acushnet
River during Hurricane 'Carol,'" 31 August 1954. Top photograph
taken while water was rising. In lower photograph water has covered
the platform, and boxes are washing away. Water-borne debris is
shown in the right background. (Photos courtesy of Revere Copper

and Brass, Inc.)
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State Pier, New Bedford, shown in distance, suffered substantial
damages during Hurricane "Carol.'" Water is about four feet deep
alongside truck at left. (Photo by New Bedford Standard-Times. )

Waves on top of four to six feet of water damaged houses along
East Rodney French Boulevard, New Bedford, during Hurricane
'""Carol,'" 1954, as indicated by arrows. (Photo by Hollywood
Studio, New Bedford.)



Typical damage along East Rodney French Boulevard, New Bedford,
after Hurricane ""Carol,'" 31 August 1954. Top photo shows wreck-
age of Marscot Plastic Company, near foot of Norman Street, and
Coast Guard boat stranded on wrecked barge. Lower photo shows
damage to garage and home at foot of Aquidneck Street. (Photos by
New Bedford Standard-Times.)
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HCONGMIC JUSTIFICATION

79. A comparison of arnnual charges of 091,000 with annual
benefits in an amount of $987,%00 determined from damage~frequency
relationshirs, gives a benefit-cost ratio. of 1.4 to 1,0 for Plan
npr,  Using annual benetfits {rom prevention of damage in thres
hurricanes over a 50=year period gives appreciably higher ratios
of benefits to costs. The prevention of. damage in one design
hurricane would alone be more than sufficient to economicaily
justify the construction of Flan "¥'v,

PROPOSED LOCAL COOPZRATION

b0« The hurricane protection plan considersd for New Bedford,
Fairhaven, and Acushnet is similar in nature to a local flood con-
trol project. Therefore, it is considered reasonable to reaquire
the same degrees of local participation in this particular instance
where protection is provided against hurricane=induced salt-wzter
flooding as in the case of a local project where protection is
provided against fresh-water flooding. On this basis, local
irterests in the Wew Bedford-Fairhaven Harbor area would be required
to cooperate to the following extent: -

a, Frovide without cost to the !lnited States all land, ease=-
ments, and rights-of-way necessary for construction of the project.

b. Hold and save the United States free from damages due to
the construction works.

ce HMaintain and operate all the works after completion in
accordance with regulations prescribed by the Secretary of the Army.

One modification of the above requirements appears to be
Justifiable in this particular case since the harbor barrier in
Frotection Flan "F" crosses a Federal navigation improvement,
and operzation and maintenance of the barrier and its gates must
be accomplished with the needs of mavigation in view. Moreover,
procrer timing of gate-closing operations upon the occurrence of
a hurricane is essential in obtaining the maximum possible benefits
from the reduction of tidal-flood levels in the harbor area above
the barrier. Therefore, it appears that operztion and maintenance
of the harbor barrier and gates are of sufficient importance to
warrant the performance of these functions by the Federal Government.
Hdowevar, since this is a responsibility that should be assumed by
local interests, they shoulc bear the cost of such work. This can
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be accomplished by means of a local cash contribution to the
first cost of the project in an amount equivalent to the present
worth of the estimated Federal annual cost for operation and
maintenance., As an alternative, local interests could contract
to pay annually the cost to the United States for the performance
of this work. Annual operation and maintenance of the land
features of the project, i.e., the dike and walls in the Clark
Cove area, the dike extensions to the harbor barrier, the Fair-
haven Dike, and the modifications to the sewerage system and
utilities will be a local responsibility.

No offers of cooperation were advanced by local interests
at the public hearing held on 25 3eptember 1956. At this hearing,
a desire was expressed for accomplishment of Plan WF® as a wholly
Federal project. Subsequently, however, expressions of willing-
ness and ability to comply with the above provisions of local
cooperation have been received from responsible elected officials
of the affected area and the Commonwealth of Massachusetts.

APPORTTONMENT OF COSTS AMONG INTERESTS

8l. A breakdown of the total first cost, investment, and
annual charges for Hurricane Protection Plan "F", between Federal
and non-Federal interests, is shown in Table 6. ‘The figures in
this table are predicated on loecal cooperation to the extent set
forth in paragraphs 75 and 80, sbove, with local interests making
a cash contribution to the first cost.

The total first cost of the project is estimated at $17,200,000.
This includes local costs estimated at $110,000 for the acquisition
of lands, and rights-of-way, and $40,000 for the relocation of power
cables that cross the harbor, or a total of $150,000, With a cash
contribution of $1,560,000 towards the first cost of the project, -
the total local first cost becomes $1,710,000 leaving a Federal first
cost of $15,490,000.

The total annual charges for the project are estimated at

$691,000. The Federal portion is $619,000 and the local share
$72,000, or sbout 10.4 percent of the total.
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COORDINATION WITH OTHER AGENCIES

82, In the course of this survey, assistance and cooperation
have been received from Federal, state, and local agencies that are
concerned with hurricane activities, or are particularly interested
in the hurricane protection problem in the New Bedford area. Meetings
have been held with representatives of these agencies for the pur-
poses of discussing the proposed plan of protection and alternative
- plans, detemmining the effect of the plan on other interests con-
cerned with development and use of the water and other natural
resources of the locality, and ascertaining the relationship
between the proposed hurricane protection plan and the plans of
other agencies for improvements within the survey area.

The U. 8. Weather Bureau has furnished information on the
behavior and characteristics of hurricanes and data on maximum
wind velocities and durations that may be anticipated in the future.
The effect of the proposed harbor barrier on pollution has been
discussed with the Public Health Service of the U.S. Department
of Health, Education and Welfare, and with the Massachusetts De-
partment of Public Health. These two agencies concur in the
opinion that the hurricane protection plan will not result in
adverse sanitary conditions in the inner hsrbor. The Fish and
Wildlife Service of the U.S. Department of the Interior and
the Massachusetts Division of Marine Fisheries have considered
the barrier plan and state that the plan would not have an ad=-
verse effect on fishery resources of the area. Close coordina-
tion has been maintained with the Division of Waterways of the
Massachusetts Department of Public Vorks, especially with a
view to determining the needs of navigation and correlating the
plan of protection with these needs. The Massachusetts Tepart-
ment of Public Works was alsc consulted ezrly in the study to
determine their considered plan for a new highway crossing of
the Acushnet River., The plans of protection have alsc been
discussed with the Planning Division of the Hassachusetts De~
partment of Commerce whose representatives have informally ex-
pressed general approval of the proposed plan (Plan "F®),

Informal meetings and conferences have been held with nmuni-
cipal officials of New Bedford, Fairhaven, and Acushret, and
members of the New Bedford Hurricane Survey Advisory Committee
to obtain their views and comments on the proposed plan and
other plans that have been given consideration, and to keep local
interests advised of the progress being made on the survey. Con-
siderable assistence has been rendered by the New Bedford Depart-
ment of Public Works, the New Bedford Board of Commerce, and the
New Bedford Industrial Nevelopment Cormissicn.
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DISCUSSION
83. THE PROBLEM

The New Bedford-Fairhaven area has experienced very heavy ™.
tidal-flood losses in recent hurricanes. The harbor, being open '
to Buzzards Bay, is particularly susceptible to the onslaught
of a tidal surge accompanying a northward moving hurricane. A
recurring September 1938 hurricane would cause tidal-flood losses
of approximately $33,000,000 in the survey area; a recurring
September 19LL hurricane, losses of $1,500,000; and a recurring
August 1954 hurricane, losses of $27,300,000. The need for pro-
tection has become urgent, particuwlarly in New Bedford, a major
industrial center, where over $23,000,000 in damages occured
during the 1954 hurricane. A design hurricane, representative
of future potential attacks, derived by transposing the 194k
hurricane, a storm of unusual energy off Cape Hatteras, to a
track over water and timed to strike at the top of a spring tide
in New Bedford-Fairhaven Harbor, is capable of causing $96,000,000
in tidal-flood damages, thereby subjecting the area to greater
damages than ever experienced. ~Tt-Fs obvious=that-preventative
meagures—are-nesded—to-gafeguard the areas-subject -to-flooding.
against future.attacks,,

8. ALTERNATIVE SOLUTIONS

Some reduction in hurricane tidal-flood damages can be
effected by the provision of improved forecasting and warning
services, the establishment of programs for the evacuation of
danger areas, the enactment of revised zoning ordinances, and
the adoption of modified building codes. Improved warning
facilities and plans for evacuation, although effective in
reducing loss of life and damage to items which are readily
movable, do not prevent the actual flooding of properties and
are of only relatively little wvalue in preventing damage.

The costs incurred by relocation and rezoning would be prohibi-
tive in the thickly developed arez adjacent to the New Bedford-
Fairhaven Harbor which is subject to tidal flooding. The
valuation of the industrial property involved 1s many times the
cost of protection or the amount of damages. Moreover, any
extensive relocation would disrupt the entire economy of the area.
A positive means of protection which will eliminate the {hreat of
Tfuture flooding to existing properties is required.
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85. SELECTION OF PLAN

Eight plans of protection by means of dikes, walls, and
barriers have been considered, including five which were proposed
by local interests. Five of the eight plans would provide for
protective work: across the icushnet River, at and above the New
Bedford-Fairhaven Bridge, and two would call for structures in
the harbor area below the bridge., The eighth plan combines dikes
below the bridge with protective works above the bridge. The
plan found most feasible, designated as Plan “F," provides for a
barrier, with & gdted navigation opening, across the main harbor
at the south end of Palmer Island. In this plan, the c¢losure
against tidal flooding is completed by a dike and.wall extension
along the New Bedford shore and gupplemental dike and wall protection
in the Clark Cove section of New Bedford and in Fairhaven. These
works are designed to afford protection to a stillwater flood
level of 18 feet msl, the level which would be reached in the event
of a design hurricane. This flood level is 5.5 feet above the eleva-
tion of flooding experienced in the severe hurricane of September
1938,

86, EFFECTS ON OTHER INTERESTS

The proposed project would have no adverse effects on pollution
or on fish or wildlife. GConstruction of the barrier would cause
little or no change in the tidal regimen north of Palmer Island.

The proposed 150-foot width of navigation opening through the barrier
is congidered sufficient to meet the needs of present and prospective
vesgel traffic. Currents through the opening will not attain an
objectionable velocity. Signal lights and radar equipment will be
installed on the gate structure as alds to navigation., The gate sill
is at sufficient depth to permit the future deepening of the channel
by five feet, %o a depth of 35 feet below mean low water, without
the need for any modification to the gates or gate structure, in

the event this future improvement may be found necessary or desirable.
The barrier in Plan "F" would serve to provide breskwater protection
to the harbor and obviate the need for the provision of protection
under a modification to the existing navigation project.

87, COSTS

The first cost of the project, including lands, easements, and
rights-of-way, modifications to the existing sewerage system of New
Bedford, and relocation of power cables, is estimated at $17,200,000,
The annual charges are estimated at $691,000,

The average annual benefits to be attained from the proteciion

provided by Plan "F¥ are estimated to be $987,900. This includes. ‘
$943,800 derived from the elimination of flood damages, and $lh,100
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from the elimination of scare costs. The benefit-cost ratio of
the project is-1l.l to 1.0,

CONCLUSIONS

89, It is concluded that the City of New Bedford and the
Towns of Fairhaven and Acushnet, Massachusetts, have sustained
heavy damages in the pgst due to flooding caused by hurricane
tidal surges; and that these communities face the continuving
threat of similar damages in the future. It is further concluded
that protection against hurricane tidal flooding can be attained
most suitably through the construction of Plan "F" protective
measures at a first cost of $17,200,000, This plan, which affords
a high degree of protection to the area, is amply Jjustified,
having a benefit cost ratio of 1.h to 1.0. Realization of the
plan will meet the needs of navigation for protection against
hurricane damage without the necessity for any modification to
the existing navigation project.

RECOMMENDATIONS

90, It is recommerided that a plan for hurricane protection
in the New Bedford-Fairhaven Harbor areas, Massachusetts, in
gccordance with the provisions of Plan YF® described in this report,
congisting principally of a barrier across the harbor, with a gated
opening for navigation, and supplemental dike and wall protection
in New Bedford and Fairhaven, be authoriged for construction. The
presently estimated first cost to the United States is $15,490,000
and the annual cost, for operation and maintenance of the harbor
barrier and gate, is $55,000,

It ig further recommended that the project be authorized subject
to the condition that local interests cooperate to the following
extent: '

a. Provide without cost to the United States all lands,
easements, and rights-of-way necessary for the construction of the
project.

b, Hold and save the United States free from damages dus
to the construction works,

c. Accomplish any relocation of power cables which may be
required by reason of construction of the project. :

d. Operate and maintain all land fegtures of the project

after its completion, including the Clark Cove Dike and walls, the
Fairhaven DiKe, the dike and wall extension to the harbor barrier,
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extending south along the New Badford shore from the foot of
Gifford Street, and all modifications to the exdsting sewerage
system, in accordance with regulations prescribed by the
Seceretary of the Army.

e. Contribute $1,560,000 towards the first cost of the
project or, as an alternative, contract to pay annually the cost
to the Unitod States for operation and maintenance of the harbor
barrier and gates, presently estimated at $55,000.

In the event local interests elsect to contract to pay annually
the cost for operation and maintenance of the harbor barrier and
gates by the United States, the first cost to the United States
woula be $17,050,000.

ROBERT J. FIEMING, JR.
Brigadier General, U,S., ARMY
Division Engineer

Inclosures:
1. Plate l-General Plan
-File No, NBrA=-1-1000
2, Plate 2=Protection Plan "F*
File No, NBFA=1-1001
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